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A B S T R A C T 
ABSTRACT 
Tho noveJ s y n t h e s i s o f a cornpi < b e n s l v e r nncio 
of o r g a n i c c h e n d c n i s n e t j nc) as Lewi.s huises h a v e wicic-ncu) 
t h e s c o p e o f r e s e - ^ r c h i n c o o r d i n a t i o n c h e m i s t r y . The 
c h e m i s t r y of g r o u p (IV) e i e m e n t s i s w e l l e : < p l o r e d e v e n 
t h o u g h t h e r e a r e s t i l l s e v e r a l g a p s t o be f i l l e d ^ 
Such s t u d i e s a r e v e r y common w i t h t r a n s i t i o n m e t a l i o n s 
due t o e a s y a c c e s s i b i l i t y w h i l e r c - l a t i v e l y l e s s a t t e n -
t i o n h a s b)een p a i d t o s t u d y ! no t h e c h e m i s t r y of o r o u p ( I V ) 
e l e m e n t s . 
Most of t h e s p e c i e s s e l e c t e d f o r t h e s t u d y of 
g r o u p (IV) m e t a l c o m p l e x e s u n d e r t h i s p r o j e c t a r e b i o l o -
g i c a l l y a c t i v e . R e c e n t J y s e v e r a l r e p o r t s h a v e a p p e a r e d 
showing t h e m e t a l c o m p l e x e s as g r o w t h p r o m o t e r s i n 
i s o l a t e d c a s e s i n p l a n t s . T h e r e i s a g r e a t d i v e r s i t y 
i n t h e p r o p e r t i e s o f g r o u p (IV) m e t a l c o m p l e x e s ; by v i r t u e 
of t h e i r b e h a v i o u r a s e f f e c t i v e b i o c i d e s b e s i d e s t h e i r 
c h a r a c t e r i s t i c b e h a v i o u r . A f r u i t f u l e f f o r t h a s been 
made t o i n v e s t i g a t e t h e t o x i c i t y of some c o m p l e x e s 
a g a i n s t t y p i c a l f u n g i and i n s e c t s found nea r human 
d w e l l i n g s . I t h a s t e e n o b s e r v e d t h a t t h e t o x i c i t y of 
s u l p h u r and n i t r o g e n c o n t a i n i n g ILg a n d s i s s l i g h t l y 
e n h a n c e d a f t e r c o m p l e x a t i o n w i t h g r o u p ( I V ) m e t e l S o 
Monomer i c c h e l r i t e s of c o o i ' J i n a t i on polyinci. 
d e r i v e d from s a l i c y l i c a c i d :urc:^ ^ : for i n n l d e h y d e ( SUF) i n 
4 : 1 :4 m o l a r r a t i o h a v e b e e n s y n t b e G l z e d . Thene^ 
c h e l a t e s h a v e t e e n found t o be non e l e c t r o l y t e i n 
D i m e t h y l formamide<= T h e i r m e t a l u p t a k e and d i s t r i b u t i o n 
r a t i o h a s a l s o b e e n s t u d i e d . I t h a s b e e n o b s e r v e d t h a t 
t h e m e t a l u p t a k e d e c r e a s e s w i t h i n c r c i a s i n e a t o m i c nuinL^ei 
o f t h e m e t a l w h i c h i s e s s e n t i a l l y due t o t h e i n c r e a s i n g 
m e t a l l i c c h a r a c t e r down t h e g r o u p . , The k i n e t i c s of 
s u b s t i t u t i o n of l i g a n d m o l e c u l e by t h e c h l o r i d e i o n i n 
r L^ - SnCl^ l and FL - C e C l ^ l i n JDI-IF h a s b e e n c a r r i e d 
o u t c o n d u c t o m e t r i c a l l y i n p r e s e n c e o f t h e n u c l e o p h i l e s , 
C^H^COCl and CH.COCl. The s p e c i f i c r a t e c o n s t a n t s f o r 6 5 3 
s u b s t i t u t i o n of t h e l i q a n d , by c h l o r i d e i o n o r i q i n a t i r i q 
from d i f f e r e n t n u c l e o p h i l i c r e a g e n t s h a v e a l s o been 
c a l c u l a t e d . A p o s s i b l e m e c h a n i s m h a s b e e n p r o p o s e d . 
S y n t h e s i s of a t e r p o l y m e r from s a l i c y l i c a c i d : 
t h i o u r e a and t r i o x a n e (STT) i n 2 : 1 :1 m o l a r r a t i o h a s 
b e e n u n d e r t a k e n w h i c h y i e l d s a symmet r ic -a 1 p o l y m e r by 
t h e e l i m i n a t i o n of tv/o w a t e r m o l e c u l e s . i n f r a r e d 
S p e c t r a l s t u d i e s o f i t s m e t a l d e i i v a t i v e s s u g c j o s t e d 
t h a t t h e c o o r d i n a t i o n o c c u r s t h r o u g h i m i t i o n i t r o g e n 
atom of t h e l i g a n d . The k i n e t i c s of s o l v a t i o n and 
s u b s t i t u t i o n of t h e c o m p l e x i n UMF was a l s o c a r r i e d o u t 
i n p r e s e n c e of t h e n u c l e o p h i l e s ; SOCl , C H^COCl and HCl. 
The s p e c i f i c r a t e c o n s t a n t , K fox s o l v a t i o n ^nd l. , 
•^  s 1 
i; for s u b s t i t u t i o n has a l so been cvaluatec}. 
L), b-Methy lene b i s - s a l i c y 1 a Idohyde and i t s 
Schifr base with hydrazine have a l so kieen exp loJ t c J 
as donor molecules an<i t h e l i coin(-i lexers s tud ied in 
IJMSC are non cond uct i riq . K ine t i c s of s o l v a t i o n and 
s u b s t i t u t i o n oi' Schiff base complexes with Si (IV), 
Ge{IV), Sn(IV) and i r ( lV) have been c a r r i e d out in 
presence of the above nuc l eoph i l e s in Drisc. The 
s p e c i f i c r a t e c o n s t a n t for s o l v a t i o n and s u b s t i t u t i o n 
of l igand by chloricie ion have been e v a l u a t e d . On 
the ba s i s of the r a t e of s u b s t i t u t i o n the nuc leoph i l e s 
may be arranged i n the descending orcier , SOC'l ) C H COCl^ ). 
1 HCl following SN mechanism. 
Some s u b s t i t i t i o n complexes of the typePL MCI ~] 
where L = e thy l -me thy l ketone(£MS)-, methyl pen ty l 
ketone(MPS)-, acetophenone(ACS)- and benzophenone 
s p i r o t h i a z o l i d i n o n e ( D Z S ) , M = S i ( I V ) , Ge(IV), Sn(TV), 
Ti(IV) have been synthes ized t o a s c e r t a i n the mode of 
c o o r d i n a t i o n as t h e r e i s 'an enua l p o s s i b i l i t y of coor-
d i n a t i o n through carboriyl oxygen, n i t rogen or sulphur 
atom of these s p i r o t h i a z o l i d i n o n e s . in the p re sen t 
case the s u b s t i t u t i o n at the NH group with s imultaneous 
c o o r d i n a t i o n wi th CO group has been explored for the 
f i r s t t i m e . H o w e v e r , i n no c a s e s u l p h u i atom h a s 
b e e n c l a i m e d t o be c o o r d i n a t i o n a c t i v e . The c o m p l e x o p 
a p p e a l e d Lo have an o c t a t i e d r a J qeo i i i e t i y and a r e 
c o v a l e n t i n LXASO. 
Oi th ioca rba inabc^s b e l o n g t o a s e n s i t i v e c l a s s 
o£ i n s e c t i c i d e and f u n g i c i d e . They a r e b o t h acade in i -
c a l ] y and c o m m e r c i a l l y s i g n i f i c a n t . They h a v e v ; i de ly 
b e e n u s e d a s m e t a l c h e l a t e on o n e hand and an i n s e c t i -
c i d e on t h e o t h e r e s p e c i a l J y i n t h e p r o t e c t i o n of 
v i n e y a r d from f u n g i and m o u l d s . I n t h i s p r o j e c t N-
p h e n y l »^'- n a p h t h y l a m i n e - , 2 - a m . i n o b e n z o t h i a . ^ o l y 1 - , 
b e n z i d i n e - , and 2 , 4 - t o l y l e n e d i a m i n e d i t h i o c a r b a m a t e s 
h a v e been s y n t h e s i z e d by a known metl)od w i t h a s l i g h t 
m o d i f i c a t i o n . Even t h o u g h , i t i s v e r y d i f f i c u l t t o a s s i g n a 
d e f i n i t e s t r u c t u r e t o a compound w i t h o u t X - r a y d a t a 
an o c t a h e d r a l s t r u c t u i e , on t h e b a s i s o f l i m i t e d i . r . 
s p e c t r a l e v i d e n c e s h a s b e e n p r o p o s e d t o r a l l t h e m e t a l 
d i t lu o c a r b a m a t e s . 
To e x a m i n e t h e t o x i c i t y of t h e s u l p h u i c o n t a i n -
i n g l i g a n d s and t h e i r c o m p l e x e s exx:>eriments have been 
d o n e on c o c k r o a c h e s ( p e r i p l a n e t a a m e r i c a n a ) , h o u s e f l l e s 
(musca d o m e s t i c a n o b u l o ) and f u n g i ( A . n i g e r , A. f l a v u s , 
A l t e r n a r i a p o r i ) . The LU^^ i n t h e c a s e of i n s e c t s 
and p e r c e n t g r o w t h i n h i b i t i o n i n f u n g i have b e e n 
S' 
d e t e r m i n e d . The r e c u l t G of e x p e r i m e n t s pe r formed on 
d i t h i o c a r b a m a t e 3 c l e a r l y d e m o n s t r a t e t h a t t h e m e t a l 
d o i i v a t J v e G a r e more tox i i ^ t h a n t h e frcjc cii t hi oc.->r-
b a m a t e s and h e n c e , t h e y may s a f e l y be u s e d a s an 
e f f e c t i v e i n s e c t i c i d e . 
The t o x i c i t y of t h e c o p o l y m e r and i t s c o m p J e x e s 
h a s a l s o b e e n s t u d i e d a g a i n s t t h e i n s e c t s and f u n g i 
m e n t i o n e d above„ The LD showed t h a t b o t h t h e comp-
l e x e s and t h e l i g a n d have a p p r o x i m a t e l y t h e same 
m a g n i t u d e of t o x i c i t y t h o u g h t h e p e r c e n t i n h i b i t i o n 
i n t h e g r o v / t h of t h e f u n g i i s s l i g h t l y e n h a n c e d when 
t r e a t e d w i t h t h e c o m p l e x e s . 
A s i m i l ' i r s e t of e x p e r i m e n t h a s b e e n done 
w i t h t h i a z o l i d i n o n e s and i t s c o m p J e x e s w i t h g r o u p ( I V ) 
m e t a l c h l o r i d e s . On t h e b a s i s o f t h e LD^,, v a l u e t h e 
50 
t h i a z o l i d i n o n e s may Le a r r a n g e d i n t h e orc ier - B^S ) 
MPS ci EMS y ACS. However , t h e i r f u n g i c i d a l b e h a v i o u r 
f o l J o w s a r e v e r s e t r e n d a s h a s a l s o b^ecn o b s e r v e d i n 
t h e c a s e of d i t h j o c a r b a m a t e s . I t h a s b e e n o b s e r v e d 
t h a t t h e t o x i c i t y of s p i r o t h i a ^ o l i d i n o n e s i s n o t s i g n i -
f i c a n t l y e n h a n c e d on i n e t a l l a t i o n w i t h g r o u p ( I V ) m e t a l 
c h l o r i d e . 
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C H A P T E R I 
I N T R O D U C T I O N 
I n t r o d u c t i o n 
A s y s t e m a t i c s tudy of g r o u p (IV) m e t a l h a l i d e 
,1 ,2 
compounds w i t h v a r i o u s donor m o l e c u l e s i s w e l l docurnentea 
Such a s t u d y i s i n t e r e s t i n g due t o t h e j r b i o c i d a l and 
i n d u s t r i a l i m p o r t a n c e . The s t r u c t u r e and s t e r e o c h e m i s t r y 
3 4 
of Sn(IV) d e r i v a t i v e s w i t h p o t e n t i a l l y c h e l a t i n g l i g a n d s ' 
i s a l s o a s u b j e c t of r e c e n t i r i t e r e s t ' . Some 1 :1 adduc t s 
of SnCl. and d i a l k y l t i n d i h a l i d e v/ i th a c y l h y d r a z o n e , 
11 
acetonicotinoyl hydrazone have been reported by Pelizzi 
A hepta coordination for Sn(IV) and tridentate behaviour 
for acyl hydrazones from IR spectral studies has been 
indicated » 
1 2 5ome mixed ligand complexes of silicon of the 
type Si(CAC) (C^H^2^2^ ^^^^' ^^^^6^12*^2^ (SB)2, 
Si(c H_0„) S'B' and Si(C^H^„0„) S" B" with 2-m.ethvl 
pentane 2-4 diol and monobasic bidentate (SB'), dibasic 
tridentate(S'B '2-) and tetraaentate (S"B"2-) Schiff base 
anions have been characterised on the basis of IR- and 
KMR spectroscopy showing the monomeric behaviour. 
OH OH 
OH 
2 
1 3 Sinn e t . a l have r e p o r t e d q u i t e a l a rge number 
of homonuclear b i m e t a l l i c complexes for which the 
s t r u c t u r a l i n fo rma t ions v/ere accomplished wi th spec t ro -
chemical and magnetochemical e v i d e n c e s . Some b i m e t a l l i c 
1 4 complexes r e s u l t from the r e a c t i o n of N i ( I I ) t h i o c a r -
bohydrazones wi th Sn(IV) c h l o r i d e having the fol lowing 
s t r u c t u r e s . ^ ^ ^ ^ 
I II I I 
CH= N - N - C - N - N = C 
OH 
R = I 
I I 
I I I 
IV 
H 
CH 
CI 
OCH 
Sn 
CI CI 
Various coordination compounds of germanii-im 
with nitrogen donor ligands including Schiff bases ' 
have been studied in the past. Some chelates of Ge(IV) 
1 8 
and (C H^)2Ge(IV) with polydentate ligand such as 
3 
N- ( 2 - h y e i r o x y p h e n y l ) s a l i c y l a l d i n i i n e s , N , N - e t h y l e n e b i s -
s a l i c y l a l d i n i n e s , ( 2 - h y d r o x y p h e n y l ) a c e t y l a c e t o n i r a i n e s 
h a v e b e e n r e p o r t e d t o h a v e p s e u d o o c t a h e d r a l g e o m e t r y f o r 
G e ( I V ) vvh l le tv/o i s o m e r i c f o r m s a r e r e p o r t e d f o r (C H ) 
G e ( I V ) e E t h y l o r t h o g e r m a n a t e w i t h some s u l p h u r c o n t a i n i n g 
i m i n e s h a v i n g O N S and S N N S h a v e b e e n s y n t h e s i z e d by 
c o n d e n s a t i o n o f s a l i c y l a l d e h y d e , 2 - h y d r o x y 1 - n a p h t h a l d e h y d e , 
o r t h o h y d r o x y 1 - n a p h t h a l d e h y d e , O r t h o - h y d r o x y a c e t o p h e n o n e , 
g l y o x a l o r d i a c e t y l v / i t h o r t h o - aminofcenzene t h i o l t o g i v e 
a s i d e r e a c t i o n i n v o l v i n g t h e r i n g c l o s u r e v / i t h t h e 
f o r m a t i o n of h e t e r o c y c l i c c o m p o u n d ; b e n z e n e t h i a z o l i n e s , 
I and I I . 
( II ) 
R^ = C^H^OH , C. ^H^OH 
'10 6 
R^ = HCH^SSP) • , U(U^NSP) 
R^ = H(H^GSP) , CU^(U^DSP) 
Sn(IV) t e t r a c h l o r i d e i s we l l known t o y i e l d 
1 :1 adducts wi th a v a r i e t y of q u i n o l i n e s . Novel 
compounds of group (IV) metal t e t r a c h l o r i d e v;ith qu ino l ine : 
1 9 and o r g a n o t i n (IV) c h l o r i d e of t he type MX^  I^ , R MZL, 
R2MX2L and R^ MXL^  (R=methyl, bu ty l or pheny l , X=chloride 
or a c e t a t e M= S i l i c o n , t i t a n i w a , germanium, t i n and 
4 
zirconiiarn and LpBenzo (c ) qu ino l i ne ) Ecq, benzo(F) 
quinol ine(BFq) and benzo(h) quinol ine(Bhq) have been 
c h a r a c t e r i s e d on t h e b a s i s of IR spect roscopy and 
c o n d u c t i v i t y rneasurements. I t i s very i n t e r e s t i n g to 
observe t h a t a meta l carbon o~" bond was formed only in 
the case of MCI. complex w i th Bhq. Hoivever, the forma-
t i o n of meta l carbon o~ bond v/ith o rgano t in (IV) ch lor ide 
was prevented mainly due t o l a rge s t e r i c e f f e c t produced 
by bulky a l k y l g r o u p s . The s t r u c t u r e of the compound 
e x h i b i t i n g M-C a-bond was supported by NMR spectroscopy. 
M=Si, T i , Ge, Sn, Zr 
Typ ica l c o o r d i n a t i o n nuraber of group (IV) t e t r a 
20 
c h l o r i d e aaduc t s w i th m u l t i d e n t a t e l i gands i s u sua l ly 
s i x . However, seven coord ina tea group(IV) metal 
complex have a l so been r e p o r t e d . Complexes of Ti (IV) , 
2r(IV) and Hf (IV) " t e t r a c h l o r i d e v/ith a t r i p o d l igand i „ e , 
t r i s ( 2 - d i m e t h y l amino e t h y l ) amine have been shown to 
have a s ix c o o r d i n a t e s t r u c t u r e for the metal ion^ 
_, 2 + 
NT 
J 
2CI 
5 
Il=Ti{IV), Zr(IV) and Hf (IV) 
Numerous aaducts of SnCl. v i t h N, O ,P , and S c o n t a i r i n g 
14 21-24 ligandls have a l so been c h a r a c t e r i s e d * . Most of 
t he se complexes are mononeric and e x h i b i t oc t ahed ra l 
geometry. Hov/ever, i f the l i g a n d s are u n i d e n t a t e , a 
2:1 or 1:1 complexes are formed which may be oc t ahed ra l 
Or t r i g o n a l bipyramidalo 
Fur thermore , the complexes of s u b s t i t u t e d 
2 5 p y r i d i n e N-cxide wi th s t a n n i c c h l o r i d e in a c e t o n i t r i l e 
s o l u t i o n e x h i b i t d i s t i n c t dua l behaviour <> 
( i ) Pyr id ine N-cxide v;ith e l e c t r o n r e l e a s i n g 
s u b s t i t u e n t s g e n e r a l l y form s t a b l e complexes wi th SnCl^ 
e x h i b i t i n g a maximum in con t inuous v a r i a t i o n p l o t s a t 
a 2;1 p y r i d i n e N-cx ide ; Sn(IV) c h l o r i d e r a t i o . 
( i i ) On the o t h e r hand p y r i d i n e N-cxide con ta in ing 
e l e c t r o n neu-cral or e l e c t r o n withdra\; ing s u b s t i t u e n t s 
g e n e r a l l y forms weaker complexes and e x h i b i t maximum 
6 
i n c o n t i n u o u s v a r i a t i o n p l o t s a t a 1 :1 l i g a n d t o m e t a l 
r a t i o o A b r i d g e d d imer s t r u c t u r e i s hence p r o p o s e d . 
Py 
SnCl^«2X.(cis) 
SnCl^a2ACN 
(SnCl4ACN)2L + L 
SnCl^ +2ACN 
py 
A C N = A c e t o n i t r i l e 
Some b i d e n t a t e c h e l a t e s of 3-m.ethyl , 3 - p h e n y l and , 
3-(0-tclyl) 2 - m e r c a p t o q u i n a 2 o l - 4 one w i t h b i s ( c y c l o p e n t a 
d i e n y l ) T i ( I V ) and Zr (IV) d i c h l o r i d e have been r e p o r t e d " . 
T h i s l i g a n d h a s been shown t o be c o o r d i n a t e d t o t h i o n e 
s u l p h u r and amino n i t r o g e n g i v i n g two p o s s i b l e s t r u c t u r e s . 
B e n s o t h i a s o l i n e s d e r i v e d from t h e c o n d e n s a t i o n of s a l i -
c y l a l d e h y d e 2 - h y d r o x y a c e t o p h e n o n e , 2 -hydroxy l - n a p h t h a -
Idehyde g l y o x a l a n d i a c e t y l w i t h 2 - m e r c a p t c a n i l i n e y i e l d 
27 t o r h m o n o n e r i c and d i m e r i c s p e c i e s . I t s complex v/ir.h 
'3r(IV) has been shown t o c o o r d i n a t e t h r o u g h o x y g e n - , 
a z o n e t h i n e n i t r o g e n and s u l p h u r a t o m s . Some M n ( I I ) , 
7 
A l ( I I I ) , N b ( V ) , T a ( V ) n a p h t h o x i d e s . h a v e b e e n s t u d i e d 
2 8 2 ° 
by Funk and c o w o r k e r s . E m e l e u s and Rao " showed t h a t 
Z r ( I V ) and T i ( I V ) h a l i d e s r e a c t w i t h p h e n o l and n a p h t h o l 
w h i c h u n a m b i g u o u s l y d e m o n s t r a t e d t h e e f f e c t of s t e r i c 
30 h i n d r a n c e on t h e f o r m a t i o n of m e t a l o : :ycen b o n d . 
NP 
PNO 
PNO 
ONP 
ONP 
ONP 
ONP ONP 
NP 
31 32 S c h i f f b a s e s ' h a v e p l a y e d an i m p o r t a n t r o l e 
i n t h e s y n t h e s i s of a v a r i e t y of m e t a l c o m p l e x e s . 
B e s i d e s t h e i r e x p l o i t a t i o n i n b i o c h e m i s t r y , i n d u s t r y 
and a g r i c u l t u r e t h e y a r e a l s o q u i t e s i g n i f i c a n t from 
s t e r e o c h e m i c a l v i e v / p o i n t . A s e r i e s of 1 :1 a d d u c t s of 
33 S n ( I V ) i o d i d e w i t h S c h i f f b a s e s ( d e r i v e d from s a l i c y l -
a l d e h y d e and d i a m i n e ) h a v e b e e n s t u d i e d b o t h a s s o l i d 
and i n s o l u t i o n . The s t r u c t u r e o f t h e c o m p l e x e s h a s 
b e e n a : ; s i g n e d on t h e b a s i s of c o n d u c t a n c e m i e a s u r e m e n t , 
IR- U . V , s p e c t r a l d a t a and -che i r r e a c t i o n v/ir-h t e r t i a r y 
b a s e s . The c o o r d i n a t e d l i g and i n t h e k e t o a i r i i n e f o r m s 
a r e r e a d i l y d i s s o c i a t e d i n s o l u t i o n f o l l o w e d by t h e 
r e a r r a n g e m e n t of t h i s t a u t o m e r u ' h i c h i s i n f l u e - , c e o by 
b o t h t h e s o l v e n t p o l a r i t y and e x t e r n a l b a s e s . 
r^^"%^' 
( I ) 
2 + 
The s tudy of c o o r d i n a t i o n polymer and t h e i r 
c h e l a t e s i s a l s o a sub jec t of c u r r e n t i n t e r e s t due to 
t h e i r wide i n d u s t r i a l a p p l i c a t i o n s ^ , Some poly-
c h e l a t e s ^ ^ of C u ( I I ) , N i ( I I ) and Co(II) wi th Schiff 
I 
bases derived from 4,4 '-(4,4 -biphenylylene bis azo) 
disalicylaldehyde and p-tcluidine have been characterized 
by reflectance--IR spectral studies and magnetic measure-
m.ent. They have been shown to have 1 :1 ratio and octa-
hedral configuration. Potentiometric and spectrophoto-
m.etric studies of a few metal chelates of salicylic acid : 
formaldehyde copolymer have also been madeo The chelated 
Fe ion"' in this case has been suggested to act as 7^  
electron acceptor. Recently, chelates of Cu(II), Ni(II), 
Co (II), Mn(II), Fe(iii), 2n(II) and dioxouranium (VI) with 
9 
40 
a copolymer derived from paia-hydroxy benzoic acid : 
urea: formaldehyde have been characterized on the basis 
of IR-J reflectance spectra and magnetic susceptibility 
measurement. A distorted octahedral geometry has been 
proposed for these chelates e.xcept for dioxouraniura (VI) . 
A water soluble salicylic acid : formaldehyde polymer and 
its metal chelates have been reported by Patel et al 
A terpolymer of salicylic acid; Urea: formaldehyde has 
also been synthesized by them in 3:1:4 molar ratio to 
study its chelating behaviour but they ignored the 
possibility of the formation of S:U:F copolymer in 4:1 :4 
molar ratio which is quite likely to be formed. 
In the present work salicylic acid: Urea: 
42 Formaldehyde copolymer in 4 :1 :4 molar ratio has been 
synthesisedo ^t is formed by the elimination of four 
water molecules. Its chelates with Si(IV), Ti(IV), 
Ge(lV), Sn(IV) and 2r(IV) have been synthesised. 
Furthermore, the uptake of metal, molecular weight and 
distribution ratio of metal contents both in the complexes 
and filtrate have been determined« Conductometric titra-
tions were carried out to examine if there occurred the 
formation of more than one species in the solution. The 
kinetics of substitution in f I^ - I1C1,1 (where M = Ce(IV), 
Sn(lv), Si(IV), Ti(lV) and 2r(IV) in D M F have been carried 
10 
o u t c o n d u c t o m e t r i c a l l y t o s t u d y t h e p o s s i b l e mechanism 
and t h e o r d e r of t h e r e a c t i o n . The r a t e c o n s t a n t s f o r 
s u b s t i t u t i o n , K and ic, of t h e l i g a n d by c h l o r i d e i o n , 
o r i g i n a t i n g from d i f f e r e n t n u c l e o p h i l i c r e a g e n t s such 
as C^H^COCl and CH^COCl have a l s o been c a l c u l a t e d . A 6 5 3 
p o s s i b l e mechanism h a s been p r o p o s e d . 
4 3 P a t e l and -,ov/orkers ^ have r e c e n t l y r e p o r t e d t h e 
s y n t h e s i s of a t e r p o l y m e r d e r i v e d from s a l i c y l i c a c i d ; 
t h i o u r e a and t r i o x a n e i n 1:1:1 and 3 :1 :1 r a t i o n e v e r t h e l e s s 
t h e y o v e r l o o k e d t h e p o s s i b i l i t y of t h e f o r m a t i o n of t e r p o -
lymer i n 2;1 :1 m o l a r r a t i o o We t h u s g o t i n t e r e s t e d i n 
t h e s y n t h e s i s of t h e l i g a n d i n 2 : 1 : 1 m o l a r r a t i o by v a r y i n g 
t h e amount of a l l t h e c o m p o n e n t s . S ince t h e r e c e n t 
c h e m i c a l l i t e r a t u r e d o e s no t r e v e a l any r e p o r t on t h e 
c o o r d i n a t i n g a b i l i t y of t h e c h e l a t e , i t i n i t i a t e d our 
i n t e r e s t t o s t u d y t h e m e t a l l a t i o n of g r o u p ( I V ) e l e m e n t s 
namely , S i ( I V ) . G e ( I V ) , Ti ( IV) , Z r ( IV) and Sn(IV) c h l o r i d e 
w i t h t h i s l i g a n d . The p r o p o s e d s t r u c t u r e of t h e l i g a n d 
has been s u p p o r t e d by p r o t o n NI^ IR s p e c t r u m . The i n s e c t i -
c i d a l and f u n g i c i d a l a c t i v i t i e s have been d e t e r m i n e d i n 
e x p e r i m e n t s on house f l i e s (musca d o m e s t i c a n o b u l o ) , cocJ;-
r o a c h e s ( P e r i p l a n e t a a m e r i c a n a ) a n d f u n g i ( A s p e r g i l l u s n i g e r , 
A s p e r g i l l u s f l a v u s and A l t e r n a r i a p o r i ) . The k i n e t i c 
measurement of ( t, VsnCl„ i n DMF v;as a l s o c a r r i e d o u t 
i n p r e s e n c e of n u c l e o p h i l e s namely , SOCl , C H^COCl and 
11 
HClo The rate constants, K , K and v were evaluated, 
Substantial work has been done by Shah and 
44-46 cov/orkers on p o l y c h e l a t e s de r ived from po ly Schiff 
bases of 5,S-methylene b i s s a l i c y l a l d e h y d e and v a r i o u s 
4 7 4 S amines ' . However, no a t tempt seems t o have been 
made t o s tudy the group (IV) metal c h e l a t e s w i t h b i s -
b i d e n t a t e mononeric l igand and t h e i r Schiff ba se s v/ith 
amines . In t h i s p r o j e c t a modest e f f o r t has been made 
t o s y n t h e s i z e S i ( I V ) , Ge(IV), Sn(IV), Ti(IV) and Zr(IV) 
c h l o r i d e complexes wi th 5,5-m.ethylene b i s s a l i c y l a l d e h y d e 
and i t s Schiff base wi th hydrazine h y d r a t e . They have 
been s tud ied employing IR spec t roscopy , conductance 
measurements and molecular weight d e t e r m i n a t i o n . The 
k i n e t i c s of s o l v a t i o n and s u b s t i t u t i o n of some complexes 
(which are s o l u b l e ) i n DMSO has been done. The r a t e 
c o n s t a n t s f o r so lva t ion .KS . and KS^ have been e v a l u a t e s . 
1 2 
The kinetics of substitution of donor molecules by chloride 
ion generated from SOCl^, C H^COCl and HCl in DMSO has 
been carried out. The specific rate constants, K and :< 
for substitution has also been calculated^ A possible 
mechanism for solvation and substitution has been proposed„ 
The coordination chemistry of dithiocarbamate as 
4 9-53 potential chelating agent is well established„ A 
variety of transition metal dithiocarbamate as v/ell as 
group(IV) metal dithi©carbamates have been studied 
12 
54 - "^ 6 t h o r o u g h l y i n r e c e n t p a s t ^ . They have assumed 
i m p o r t a n c e e s p e c i a l l y due t o t h e i r r e m a r k a b l e d u a l 
4 9 b e n a v i o u r as o b s e r v e d by B r i n k h o f f and G r o t e n s . 
They may a c t e i t h e r as an u n i d e n t a t e o r b i d e n t a t e 
l i g a n d . 
In a d d i t i o n t h e y a r e w e l l knov/n f o r t h e i r 
5 3 57 b i o c i d a l a c t i v i t i e s t o o ' . E>cperiments have proved 
t h a t most d i t h i o c a r b a m a t e s a r e of p r a c t i c a l v a l u e i n 
5 8 t h e c o n t r o l of f u n g a l d i s e a s e s i n p l a n t s . Manganese 
and '2inc d i t h i o c a r b a m a t e s c o m m e r c i a l l y knov/n a s Maneb 
and Zaneb have been e x p l o i t e d a s f u n g i c i d e s i n p r o t e c t -
i ng v i n e y a r d w h i l e 2 - i s o p r o p o x y p h e n y l m e t h y l c a r b a m a t e 
c o m m e r c i a l l y known a s "Baygon B a i t " i s used a s a 
p o w e r f u l i n s e c t i c i d e o I t ha s been o b s e r v e d t h a t a 
d i t h i o c a r b a m a t e i s more t o x i c t h a n a mono t h i o c a r b a m a t e 
p r o b a o l y due t o an enhancement i n s u l p h u r c o n t e n t s . 
I t i s a p p a r e n t t h a t t h e sulnhiur atom i n d i a l k y l -
m o n o t h i o c a r b a m a t e h a s c o n s i d e r a b l e m e r c a p t i d e c h a r a c t e r 
5Q«52 
and o r t e n y i e l d s polymeric complexes 
N—c<:0 
© 
N = C 
N — C ' ^ 
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The chemistry of dithiocarbamate and dithiolate 
ligand may be altered by varying R groups which favours 
5 9 f) 0 
various possible resonance structures * . By an 
appropriate choice of an aromatic amine a dithiocarbamate 
exhibiting rather unusual properties due to major contri-
(-11 bution of resonance structure has been reported „ The 
overall chemical and physical properties of these dithio-
carbamates are altered when complexed to metal ionso 
For dithiocarbamate chelates in general, a partial double 
^nd character for „ ^ ^ C'=^ :^ ^ N group has been confirmed 
on the basis of IR spectral studieSo A splitting of C=3 
fcj a:-c: and 1 000_+70 cm occurs only if the dithiocarbamate 
moiety is unsymmetrically bound while a symmetrically 
4 9 6 3 64 bound dithiocarbamate exhibits only one band ' ' in 
,65 
t h i s regiono 
Some e i g h t coordinated'^"' Ti (IV) and 2r ( IV) N,N-
d ia lky lmonoth iocarbamates have a l s o been r e p o r t e d on t h e 
b a s i s of X-ray d i f f r a c t i o n s t u d i e s shov/ing a dodecahedra l 
s t e reo i somer t h a t has an mm mm l igand wrapping p a t t e r n 
and a c V arrangement of t he su lphur and oxygen donor 
atonSo 
M -i> C 
- » u 
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Some N-phenyl c- -naphthylamine-, 2-amino 
benzothiazole-, benzidine- and 2, 4-tolylene diamine 
dithiocarbamates obtained by the action of an amine, 
carbon disultihide and group (IV) metal tetrahalides in 
4:4:1 have been characterized. The structure of 
the dithiocarbamates have been confirmed on the basis 
of NUR spectroscopy. Since the compounds have been 
found to be biologically active their toxicity was 
studied in an experiment on houseflies (Musca domes-
tica nobu'lo) and cockroaches (Periplaneta americana) . 
In order to study their effectiveness their I^ cp, ^^^ ^ 
calculated. These dithiocarbamate and their metal 
derivatives were teste"^ for toxicity on fungi (Aspergi-
llus flavus, Aspergillus niger, Alternaria pori). It 
is worth mentioning that the metal derivatives are 
more toxic than free dithiocarbamateso 
The thiazolidinones, thiazoles, bensimidazole; 
thiophene, thiopyranothiazolone, benzodiazepine and 
thiol group of compounds is another class of sulphui" 
containing ligands which has been paid relatively less 
6 fi 
a t t e n t i o n . Singh and cov/orkers have o u t l i n e d a 
v a r i e t y of methods for t h e s y n t h e s i s of s e v e r a l t i i i a -
1 (W 
zolidinone derivatives. Studies on metallo derivatives 
of spirothiazolidinones is scarce although their insecti-
cidal studies are appreciably substantial. Sone divalent 
ttansition metal complexes ' of thiazolidinones and 
6 9 
spirothiazoliainone have widely been used as stabilizer 
for polymeric materialso They also exhibit miticidal, 
bactericidal, pesticidal, fungicidal, insecticiaal, 
tuberculostatic and antiinflammatory activities » 
The thiazolidinones are significant from stereochemical 
point of viev/ because there is an equal possibility of 
the coordination of metal through carbonyl oxygen, 
nitrogen or sulphur atoms, 
70 
Very recently a few organotin(IV) derivatives 
of cyclohexanone spirothiazolidinone and 3-aminorhodanine 
have been reported from this laboratoryo It has been 
sho\/n that the products are formed as a result of subs-ci-
tution of H by Tietal, They have been found to be lethal 
for cockroacheso 
Fron a perusal of chemical literature it appears 
that the complex forming ability of benzophenone-, 
acetephenone-, ethylmethyl ketone- and methylpentyl 
ketone spirothiazolidinone with group (IV;) metal halides 
has not been investigatedo It aroused our interest to 
carry out such investigations with Si(IV), Ge(IV), Sn(IV) 
Zr(IV) and Ti(IV) chlorides -co ascertain the mode of 
18 
coordination. As the conpounds containing sulphur atoms 
are expected to be fairly toxic in nature, a comparative 
study of the toxicity of various spirothiazolidinones 
and their complexes has been done on cockroaches and 
housef lies. Their "^ mortality and LD^^ values are 
71 calculated by graphical method , Spirothiazolidinones 
of benzophenone, acetophenone, ethyl methyl ketone and 
methyl pentyl ketone and their complexes have been used 
to investigate their fungitoxicity in terms of 7o inhibition 
in grov/tho 
C H A P T E R I I 
Experimental Methods 
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EXPERIMENTl'AL METHODS 
The p h y s i c o - c h e m i c a l m e t h o d s u s e d f o r s t r u c t u r a l 
e l u c i d a t i o n of n e w l y s y n t h e s i s e d l i g a n d s and t h e i r 
c o m p l e x e s d e s c r i b e d i n t h e p r e s e n t work a r e i n f r a r e d 
s p e c t r o s c o p y and m o l a r c o n d u c t a n c e m e a s u r e m e n t S o To 
i n v e s t i g a t e t h e t o x i c i t y of some c o m p l e x e s i n t e r m of 
LDc,Q» g r a p h i c a l m e t h o d h a s b e e n u s e d , w h i l e t h e f u n g i -
t o x i c i t y i s d e t e r m i n e d by a g a r p l a t e m e t h o d . 
I t s e e m s t h e r e f o r e , a p p r o p r i a t e t o g i v e a b i r i e f 
d e s c r i p t i o n of t h e s e t e c h n i q u e s . 
I n f r a r e d S p e c t r o s c o p y : 
The i n f r a r e d s p e c t r o s c o p y p r o v i d e s e x t r e m e l y 
v a l u a b l e i n f o r m a t i o n s f o r t h e e l u c i d a t i o n of t h e m o l e c u l a r 
s t r u c t u r e s o The c h a r a c t e r i s t i c a b s o r p t i o n of r a d i a t i o n 
by many m o l e c u l e s i n t h e i n f r a r e d r e g i o n h a s b e e n c l a s s i -
f i e d i n t o t h r e e c a t e g o r i e s , v i z „ , n e a r i . r o 0 , 8 t o 2o^.-Ct 
( 1 2 , ^ 0 0 - 4 0 0 0 cm*"^); i oTo 2 . 5 t o 1 5 / ( . ( 4 0 0 0 - 6 6 7 cm" ^ ) ; and 
f a r i p T o 15 t o 200 /> ( 6 6 7 - 5 0 c m " ^ ) o 
The a b s o r p t i o n of e n e r g y t a k e s p l a c e b e c a u s e of 
t h e v i b r a t i o n a l and r o t a t i o n a l m o t i o n of t h e m o l e c u l e S o 
The p u r e r o t a t i o n a l s p e c t r u m of m o l e c u l e s o c c u r a t a v e r y 
l o n g w a v e - l e n g t h i n t h e m ic ro v / a ve r e g i o n v / e l l b e y o n d t h e 
w a v e - l e n g t h l i m i t o f a b o u t 25 A <, At w a v e - l e n g t h b e l o w 
25 / ( t h e r a d i a t i o n h a s s u f f i c i e n t e n e r g y t o c a u s e c h a n g e s 
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ii) the vibrational anJ of course also the rotational 
levels of moleculeo 
According to the quantum theory there are discrete 
energy states, both rotational and vibrational in which 
each molecule can existo For diatomic, linear, polyatomic 
and spherical top molecules the energy of rotational 
levels is given by the equation 
Er = -JL(£4LJ2! 
8 A I 
where 'J ' is the rotational quantum number which can have 
any integral value 0, 1, 2, 3, o and 'i ' is the 
moment of inertia of the molecule above the axis of 
rotation and 'h' is the Planck's constant. 
For the symmetrical and asymmetrical molecules 
the formula is somewhat more compleXo Transitions between 
the different rotational levels in the microwave and 
infrared regions are governed by the selection rule© 
(a) For a molecule to be infrared active there 
must be a change in the dipole moment of the molecule as 
it vibrateSo 
(b) In absorption of radiation only transition 
for which change in the vibrational energy is ^ V =; + 1 
can occuro 
Molecular symmetry determines whether a particular 
vibrational transition is allowed or not. The frequency 
19 
o£ n givun v i b r a t i o n i s determined by tlie masses of the 
nuc l e i involved and the na tu re of the p o t e n t i a l funct ion 
which i s expressed i n terms of t he v a r i o u s fo rce cons t an t s , 
The v i b r a t i o n a l f requency, •(,> may be approximate ly r e p r e -
sented by the f u n c t i o n . 
2 A C / M~ 
— -I 
where 'K' is the force constant in dynes cm of the 
vibration and 'Jx ' is the reduced masso 
In the infrared region below 25/<^ changes in the 
vibrational states of the molecule occur during absorption 
of radiation for small amplitude of vibration, the vibra-
tion may be considered harmonic and the energy of the 
vibrational quantiom level is given as 
E^ = h 6> (V + -^ ) o.. (iii) 
where • M • is the fundamental vibrational frequency of 
the harmonic oscillator and 'V' is the vibrational quantum 
number which can have any integral value 0,1,2,3 , 
The difference in energy between successive energy levels 
of the harmonic oscillator is thus always h^ .i. 
In order that a vibrational molecule should 
interact with the fluctuating electrical field of electro-
magnetic radiation the molecular electrical dipole moment 
must change its magnitude of orientation with respect to 
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a fixed coordinate system during the motiono It is the 
magnitude of this change of dipole moment which deter-
mines the intensity of a transition. There are 3N-6 
normal vibrations of a non-linear molecule of N atoms 
and hence the 3N-6 frequencies associated with them are 
called fundamental frequencies of the molecule. From 
the symmetry that a molecule possesses one can determine 
how many of the 3N-6 vibrations will be observed in its 
infrared spectrum, and conversely, from the infrared 
Spectrum the molecular symmetry may be deducedo A 
vibration will be infrared active if its symmetry species 
is the same as that of atleast one of the dipole moment 
components. For harmonic oscillators, transitions between 
the various energy levels are governed by the selection 
rule AV = + 1o In actual fact, the purely harmonic 
conditions do not prevail for real molecules,, The fre-
quent observation of overtones and combination tones of 
of these vibrations corresponding to change £>.V = 2,3 ete. 
is consequency of the an harmonic nature of the normal 
modeso These additional bands are usually very much 
weaker than the parent fundamentals. 
For harmonic oscillation the frequency is related 
to the force 'F • binding the vibrating groups together 
and the reduced mass^^ by the relationship 
where m» and m„ a re the masses a t t ached t o e i t h e r of A B 
the v i b r a t i n g systemo In terms of the frequency-^; , in 
wave number, eq (v) becomes 
Thus t he f r equenc i e s of v i b r a t i o n of a molecule 
are r e l a t e d t o the masses and binding f o r c e s . In many 
of the normal modes of v i b r a t i o n s of a molecule the main 
p a r t i c i p a n t s i n the v i b r a t i o n a re two atoms held t o g e t h e r 
by a chemical bond. The f r equenc i e s are only s l i g h t l y 
a f fec ted by another atom, a t t ached t o t h e atoms concerned, 
and t hus t h e s e v i b r a t i o n a l modes are c l i a r a c t e r i s t i c of 
t he group i n t h e molecule and ve ry usefu l i n i d e n t i f y i n g 
a compound, es^pecial ly in deducing the s t r u c t u r e of an 
unknown compound or subs t ance , In t h i s work only those 
f r equenc ie s which a r e p e r t i n e n t t o the d i s c u s s i o n of the 
nev7ly synthes ized compounds villi be d i scussed <> 
N-H s t r e t c h i n g v i b r a t i o n s : 
The N-H s t r e t c h i n g v i b r a t i o n s occur i n t he reg ion 
-1 72 
3500-3300 cm i n d i l u t e s o l u t i o n , Primary amines i n 
d i l u t e s o l u t i o n s of non p o l a r s o l v e n t s g ive two absorp t ion 
bands i n t h i s r e g i o n . The f i r s t which i s due t o syinmetric 
s t r e t c h i n g u s u a l l y found near 3500 cm and t h e second 
which a r i s e s from t h e corresi:)onding asymmetric mode i s 
'^2 
found ntj'^j: 3-100 cm" „ The p o s i t i o n and i n t o n o i t y o€ 
both t h e s e bands a re s e n s i t i v e to s u b s t i t u t i o n . 
Secondary amines show only a s i n g l e N-H s t r e t c h i n g 
abso rp t ion in d i l u t e s o l u t i o n in the above niontionc^d 
r e g i o n . The i n t e n s i t y and frequency of N-H s t r e t chang 
v i b r a t i o n s of secondary aminos are very s e n s i t i v e t o 
s t ruc tu i - a l changes . The band i s founci i n the range 
3350-3310 cm (low i n t e n s i t y ) i n a l i p h a t i c secondary 
^ -I 
amines, and nesar 34 90 cm ' (much higher i n t e n s i t y ) in 
h e t e r o c y c l i c secondary aminejs such as py r ro Je and 
i n d o l e So F lour lne s u b s t i t u t i o n g e n e r a l l y seems t o 
enhance the i n t e n s i t y of the bands . Ring s t r a i n s seems 
t o have l i t t l e e f f e c t on N-H s t re tc ld r ig v i b r a t i o n as 
can be seen by the va lues of e thy lene imine (3367-3341 cm*" ) 
_ -t 
and d i e t h y l a m i n e (3384 cm ' ) . 
The N-H s t r e t c h i n g a b s o r p t i o n s h i f t s t o l o w e r 
v a l u e s i n t h e s o l i d s t a t e d u e t o e x t e n s i v e h y d r o g e n 
b o n d i n g o At a v e r y low c o n c e n t r a t i o n p y r r o l i d i n e shows 
a band a t 3 36 7 cm ' d u e t o t h e m o n o m e r i c N-K s t r e t c h i n g 
73 f r e q u e n c y <, As t h e c o n c e n t r a t i o n i n c r e a s e s , a nev/ band 
a p p e a r s a t 326 8 cm ' d u e t o i n t e r m o l e c u l a r a s s o c i a t i o n 
(N-H O . C . . N b o n d i n g ) o The i n t e n s i t y of t h e low f r e -
q u e n c y band i n c r e a s e s w i t h i n c r e a s i n g c o n c e n t r a t i o n 
u n t i l c o m p l e t e a s s o c i a t i o n o c c u r s i n t h e l i g a n d s t a t e . 
74 H y d r o g e n b o n d i n g i s v e r y common i n u r e a s and t h i o u r e a s 
i'i 
In concen t ra t ed s o l u t i o n s of t h i o u r e a s i n CCl. and CHCl 
tv/o t o four bands i n the 3500-3300 cm reg ion are 
p resen to The h ighes t frequency band i s much sharper than 
any of the o t h e r s , the broadness of which can reach 200 
cm . F u r t h e r , t h e molar e :c t inc t ion of the hicfhest 
frequency band i n c r e a s e s wi th dec reas ing c o n c e n t r a t i o n , 
t he t r end being oppos i t e for the o the r bands» In very 
d i l u t e s o l u t i o n s only t he h i g h e s t energy band i s v i s j l ) l e . 
In the spec t r a of s o l i d s , howevei, t h e r e i s always broad 
band t o g e t h e r wi th weaker and narrower bands on the lov/er 
frequency sideo This sugges t s a s t r o n g l y a s soc i a t ed 
c o n d i t i o n for t h i o u r e a s i n the s o l i d statCo 
Valuable in format ion have been obta ined on the 
s t r u c t u r e and tautomerism of many h e t e r o c y c l i c molecules 
and t h e i r s u b s t i t u t e d d e r i v a t i v e s from a study of the 
N-K s t r e t c h i n g absorpt iono The </ - and if - m.ercapto 
pyr imid ines and o t h e r mercapto- aza- aromatic compounds 
e x i s t i n t h e t h i o n e form, both i n the so l i d s t a t e and 
75 in s o l v e n t s of lo;\r p o l a r i t y . In the so l id s t a t e a 
weajc band in the range 3160-3190 cm i s regarded as an 
evidence for the presence of -NH group . In s o l u t i o n a 
broad band Is found in the range 3350-3420 cm , due t o 
N-K s t r e t c h i n g in unassoc ia ted molecules (weaker bands 
a l s o appear a t lower f r e q u e n c i e s , due t o a s s o c i a t e d 
molecules) <, 
^4 
The IR s p e c t r a of 2- and 4-hydroxypyriiuidit ies 
in tlie so l id s t a t e and in CHCl s o l u t i o n qjvt- abso ip t jon 
bands due to N-H s t r e t c h i n g vibration. '^ , i n d i c a t i n g thoj r 
e x i s t e n c e i n the t au ton ie r ic keto fonn . Howevei , aiiiliKi-
pyr.i mj d i no5->, qenoral l .y ex in t in the non tautc>ii\<,(.r Ic form, 
and j u soJu t ion (CHCl , CCl. ) q ivo tv/o bands c h a r a c t c r j sLic 
r . 77 ,78 
or ammo g roup . 
M-K Deformation Vibr_atipns : 
For the deformat ion f r equenc ies of the NPI„ group 
in pr imary amines four c h a r a c t e r i s t i c peaJcs sliould appear, 
but t he only d e f i n i t e assignment has been done in the case 
of s c i s s o r i n g v i b r a t i o n , g e n e r a ] l y observed i n the reg ion 
-1 79 1650-1590 cm o The lower frequency deformat ion v i b r a -
t i o n of tVie WH^  group has not been i n v e s t i g a t e d i n d e t a i l o 
The NH^  t w i s t i n g , wdgging and t o r s i o n a l v i b r a t i o n s in 
methylamine have, however, been ass igned t o 14 55, 780 and 
264 cm ' r e s p e c t i v e l y . Secondary alix^hatic amines show 
an ext remely weak band i n the range 1650-1550 cm due t o 
N-K deformat ion v i b r a t i o n and i t i s d i f f i c u l t t o d e t e c t 
t h i s band r e a d i l y . The assignment of t h i s v i b r a t i o n i s 
very d i f f i c u l t i n case of aromat ic amines because of the 
p resence of aromat ic r ing v i b r a t i o n s in t h i s regiono 
V :} 
C-H S t r e t ch ing V i b r a t i o n s : 
These v i b r a t i o n s are u s u a l l y observed in the 
3100-3C00 cm ' r e g i o n i n c a r b o c y c l i c system " . Some 
-1 aromatic comi^ounds give rise to three bands near 3038 cm 
Pyridine shows C-K absori:>tion in the range 3070-3C20 cm ' 
which appear as a series of multiple absorption under 
80 high resolutions » In pyrimidines this band is observed 
— 1 
near 3050 cm o A weak band is observed in the case of 
trisubstituted pyridines, since only one free ring hydrogen 
atom is present. This band is absent in tetrasubstituted 
pyrimidines, 
C-K In -p lane and Out-pf-p_l_ajrie Def ormation Vib ra t ion^ ; 
A number of c h a r a c t e r i s t i c absorp t ion bands in 
the reg ion 12 50-1000 cm e x h i b i t e d by most of t he he t e ro -
c y c l i c compounds are a t t r i b u t e d t o C-II i n - p l a n e deforma-
t i o n and the r i n g b rea th ing modes. In d i a z i n e s these 
bands are observed i n the range 12 39-1021 cm . Bands 
-1 appear ing i n the r eg ion 900-700 cm have been a t t r i b u t e d 
t o t h e C-II out of p lane deformat ion v i b r a t i o n s , and t h e 
p o s i t i o n of these bands depends on the number of f ree 
hydrogen atoms ad jacen t t o one ano the r . 
C=N s t r e t c h i n g V i b r a t i o n s : 
A band of v a r i a b l e i n t e n s i t y in the r eg ion 1690-
1640 cm ' i s a t t r i b u t e d t o (C=N) s t r e t c h i n g v i b r a t i o n s 
i n open-chain systems or i n non-conjugated r ing systems 
1.) 1» 
with conjugated c y c l i c systems tV e^ p o s i t i o n i s much 
l e s s c l e a r , and the C=N absorp t ion bands have been 
_ -1 
assigned as being v/i thin the range 1660-14 80 cm ' o 
In c y c l i c comjjound and c y c l i c m a t e r i a l s wi thout 
i n t e r n a l con juga t ion the C-N absorp t ion i s ass igned 
- -1 
t o t h e 16 50 cm r e g i o n . The C=N absorp t ion band 
-1 occurs near 166 7 cm region in o;cazines, o x a z o l i n e s , 
oximer; and imlneso However, the C=N absori:)tJon bands 
are d i f f i c u l t t o i d e n t i f y for two r e a s o n s . F i r s t l y 
owing t o the c o n s i d e r a b l e changes i n i n t e n s i t y which 
fol low changes in i t s environment , and secondly because 
informat ion a v a i l a b l e on the e f f e c t s of con juga t ion in 
r i n g systems i s o f ten c o n f l i c t i n g and i n d e c i s i v e „ 
C-N S t r e t c h i n g V i b r a t i o n s ; 
The C-N s t r e t c h i n g a b s o r p t i o n s g ive r i s e to 
s t rong bands i n the reg ion 1360-1250 cm ' i n aromatic 
72 amine . In a l i p h a t i c amines the absorj>tJon are in t h e 
1220-1020 cm range and are of ten of low i n t r i n s i c 
i n t e n s i t y . In aromat ic pr imary amines t h e r e i s one 
-1 band i n the reg ion 1340-1250 cm but in secondary 
amines tv;o bands have been observed In the reg ion 1350-
1280 cm"' and 1280-1230 cm" ^  o The p o s i t i o n of C-N 
absorp t ion does not d i f f e r much from C-C a b s o r p t i o n , 
but t h e i n t e n s i t y i s r e l a t i v e l y l a rge because of C-N 
p o l a r i t y . 
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Ring S t r e t c h i n g V i b a r a t i o i i s : 
C h a r a c t e r i s t i c aromatic r i n g v i b r a t i o n s appear 
in the reg ion 1600-1350 cm in most of the h e t e r o c y c l j c 
compounds "o The p o s i t i o n and i n t e n s i t y of the no v ib ra -
t i o n s arc dependent on the na ture cbf the r ing and tyf>G 
of s u b s t i t u t i o n . Six membered r i n g show four bands 
- -1 
around 1605, 15 75, 1480 and 1430 cm , whereas f i ve 
membered r i n g s show t h r e e bands around 1590, 1490 and 
1400 cm o The i n t e n s i t i e s of t he se bands give an idea 
of the p a t t e r n and na ture of s u b s t i t u t i o n in t he ring<, 
Thus in 4 - 2 u b s t i t u t e d p y r i d i n e - 1 - o x i d e s and 3 - s u b s t i t u t e d 
-1 p y r i d i n e s t h e i n t e n s i t y of the band arc^und 1605 cm i s 
high for txDth e l e c t r o n - v/ithdrawing and e l e c t r o n - d o n a t i n g 
s u b s t i t u e n t s , whereas in the case of 2- and 4 - s u b s t i t u t e d 
p y r i d i n e s and 3 - s u b s t i t u t e d p y r i d i n e - 1 - o x i d e s , the 
i n t e n s i t y i s high wi th e l e c t r o n donor groups and low 
with e l e c t r o n accep to r groupSo The i n t e n s i t y of the band 
-1 a t arour>d 1575 cm a l s o shows s i m i l a r v a r i a t i o n s with 
s u b s t i t x i t i o n . EJoctron donat ing s u b s t i t u e n t s i nc rease 
— 1 the i n t e n s i t y of t h e band around 14S0 cm , whereas the 
band near 14 30 cm i s unaffected by the na ture of the 
subs t i t uen tSo This p a r t i c u l a r t r end in t h e change of 
i n t e n s i t i e s has been ejcplained as being due t o t he 
charge d i s t u r b a n c e s in the molecu le . 
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The c:harncl.urj .•-.tic paLLcu )) oJ ab;K)ipLJcni ot 
the r i ng s t r e t c h i n g v i b r a t i o n s r e s u l t from the comi^lete 
i n t e r a c t i o n of the C=C, C=N and N=N v i b r a t i o n s ( e o O . • in 
1 ,2 -d i az ine ) and i t i s t h e r e f o r e , very d i f f i c u l t t o 
i s o l a t e the d i f f e r e n t v ib ra t ionSo TMs i s duo to the 
fac t t h a t the lone p a i r of e l e c t r o n s on the n i t rogen 
atom v/ i l l be able t o conjugate v/ith the r i n g , the magni-
tude of which depends on the c o p l a n a r i t y of the system. 
There fo re , t h e s e v i b r a t i o n s are s e n s i t i v e t o minor 
a l t e r a t i o n s in molecular geometry and are d i f f i c u l t t o 
d i s t i n g u i s h from o t h e r v i b r a t i o n s . Even though a band 
- i 
of v a r i a b l e i n t e n s i t y in the reg ion 1660-1630 cm i s 
a t t r i b u t e d t o C=N s t r e t c h i n g in open chainc?Ci^ -unsa tu -
r a t ed comj^ounds in c y c l i c conjugated systems the 
appearance of bands i n t h i s r eg ion can only be a t t r i b u t e d 
t o the r ing s t r e t c h i n g modeso 
Subs t i t u t ed pyrlm.idines g e n e r a l l y , show four 
bands i n the 1590-1 37b cm reg ion , which i s 
probably due t o fJH„- deformation modeo The hydroxy 
pyr imid ines are a l so not s u i t a b l e for the development 
of c o r r e l a t i o n s for r ing v i b r a t i o n s of t h i s t y p e , as 
they may ac t i n the t au tomer ic ke to form, i n which the 
double bond a b s o r p t i o n s of the r i n g v/ould be e^qjected 
t o be d i f f e r e n t from the f u l l y aromatic sys tems. 
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C~=0 S t r e t c h i n g Vityatloii j?: 
The C=0 s t r e t c h i n g v i b r a t i o n s of v a r i o u s 
carbonyl groups absorb i n t he r eg ion 1900-1600 cm ' . 
A more s p e c i f i c range i s def ined by the type of carbonyl 
( e . g . k e t o n e s , e s t e r s , e t c , ) and the p o s i t i o n i s furtl«3'r 
a f fec ted by a v a r i e t y of e f f e c t s . The frequency of 
carbonyl abso rp t ion i s determiried almost wholly by the 
na ture of i t s immediate environment, and the s t r u c t u r e 
of t he r e s t of the molecule i s of l i t t l e importance 
u n l e s s i t i s such as t o give r i s e t o c h e l a t i o n or some 
s i m i l a r e f f e c t . Thus, the carlx)nyl s h i f t s away from 
the normal p o s i t i o n int>(^^- unsa tu ra t ed m a t e r i a l s and 
in carbonyl comj^ounds wi th s t r o n g l y e l e c t r o n e g a t i v e 
s u b s t i t u t e n t s on the Q( -carbon atom, w h i l s t in c y c l i c 
ke tones the frequency s h i f t s and i t s d i r e c t i o n i s r e l a t e d 
t o t he degree of s t r a i n of the r ing o The frequency 
s h i f t s due t o c h e l a t i o n and t o mutual i n t e r f e i e n c e 
e f i e c t s can a l s o be c o n s i d e r a b l e in some caseso However, 
in each of t h e s e c a s e s the ex t en t of the frequency s h i f t 
t o be expected i s known and new range of fxoquoncies 
f a i l s wi th in compara t ive ly narrower l i m i t s . 
A carbonyl group s i t u a t e d betv/een tv/o methylene 
groups r e p r e s e n t s t h e s imples t case of an undis turbed 
C=0 s t r e t c h i n g v i b r a t i o n s . The s t u d i e s by many workers 
have shown t h a t in s o l u t i o n t he frequency of t h e carbonyl 
:!U 
abso rp t ion of simple ke tones of t h j s type always I j e s 
w i t h i n the narrow range 1725-1706 cm ' , provided tha t 
no hydrogen bonding or o the r i n t e r f e r e n c e e f f e c t s 
occur®^. Carbonyl groups in uns t r a ined s a t u r a t e d r i n g s 
absorb v/ithin the same o v e r a l l frequency range 1720-1706 
-1 cm 
The p h y s i c a l s t a t e has a d i j e c t e f f e c t on the 
carbonyl f requency. Acetone, for example, absorbs a t 
1742 cm i n t he vapour phase , whereas i n s o l u t i o n the 
• . 1 ~ 'I 
frequency l i e s between 1728 cm ' and 1718 cm depending 
on the s o l v e n t . S i m i l a r l y dodecyl ketone absorbs a t 
-1 1740 cm in s o l u t i o n . I t i s p robab le t h a t some form 
of d i p o l a r a s s o c i a t i o n i s occur r ing i n the condensed 
phase , r e s u l t i n g in a lov/ frequency s h i f t of t h e order 
of 20 cm . Conjugat ion of a carbonyl group wi th C=C 
l inkage r e s u l t s i n a lowering of the frequency by an 
amount depending on the na ture of the double bond. An 
a l i p h a t i c C=C bond i n conjugat ion wi th a carbonyl group 
-1 
reduces i t s frequency by about 4 0 cm and the absorp-
t i o n occurs in the range 16 05-1665. IVlien an a r y l group 
i s d i r e c t l y a t t ached t o the carbon atom of the carlxjnyl 
group, the frequency s h i f t of the carbonyl i s l e s s than 
t h a t occuring wi th a f u l l dovible bond i n con juga t ion , 
and the abso rp t ion band occurs i n the range 1700-1630 
cm , wi th two a r y l groups d i t e c t l y a t tached„ However, 
t h e r e i s a f u r t h e r f a l l i n t h e frequency t o 1670-1660 cm"^ 
31 
The in f luence of an oC "^^Y^ group i s a d d i t i v e wi th 
t h a t o£ any o t h e r s t ructui -e which i s capable of i n f l u -
encing the C=:0 frequencyo With a s i x membered r inq C=0 
wi th an u / - e r y l g roup , the frequency i s found t o be 
M -I 1695-1687 cm ' , which i s the same as wi th s i m i l a r open 
cha in m a t e r i a l s . With a f ive membered r i n g C=0, however, 
the frequency i n c r e a s e s t o 1715-1706 cm , the s t r a i n of 
the f i v e membered r i n g being o f f s e t t o some e x t e n t by 
t he aromatic c o n j u g a t i o n . Halogen s u b s t i t u t i o n in t he 
immediate v i c i n i t y of carbonyl group r e s u l t s i n a high 
frequency s h i f t , of the carbonyl a b s o r p t i o n . This i s 
p a r t i c u l a r l y marked i n the ac id c h l o r i d e s where a c h l o r i n e 
i s d i r e c t l y a t t ached t o t he carbonyl group, but t h e r e i s 
s t i l l an a p p r e c i a b l e e f f e c t when the halogen i s s i t u a t e d 
on the; ;^-carbon atom. Thus (?<f-propionic a c i d , fo r 
example, absorb a t 1730 cm as a g a i n s t 1710 cm ' for p -
ch lo roprop ion ic a c i d . 
When i n t r a m o l e c u l a r hydrogen bonds are formed, 
the carbonyl abso rp t ion bands may be lov/ered by 5 0 cm ' 
85 according t o hydrogen bond s t r e n g t h . 1-K^'droxyanthra-
quinone shows two C=0 bands a t 16 80-1675 cm ' and 1630-
- i 
1622 cm cor responding t o f ree and bonded carbonyl 
groupSo With two hydroxyl groups in each of t h e (^  -
p o s i t i o n s only one band i s shown a t 1639-1623 cm~' wh i l s t 
i n the extreme case of 1 , 4 , 5 , 8 - t e t r a hydroxyanthraquinone 
the carbonyl frequency has f a l J e n t o 1525 cm" \ S imi l a r ly 
' )0 
funiaric acid absorbs a t 16 00 cm" ^  , i n c o n t r a s t t o the 
normal va lue of 1705 cm"^ of maleic a c i d . S a l i c y l i c 
acid absorbs a t 16 5C) cm" ^  which i s comparable wi th the 
s h i f t s experienced i n the case of the o( -hydroxy-,-^' , (-^  -
unsa tu ra t ed ketones„ 3-Amino-2-naphthaoic acid absorbs 
» - I 
a t 166 5 cm ' <, 
Amides generally shov/ a stronq absorption band 
near 164 0 cm when examined in the solid state . The 
fact that the absorption is at an appreciably lower 
frequency than the carbonyl absorption of normal ketones 
must be due to the effect of resonance with the ionic 
formo This is enhanced by the strong association effects 
in the solid state and the corresponding vapours absorb 
at considerably higher frequencies. The amide first 
absorptions subject to a considerable alteration on 
change of state in which hydrogen bonding is broken, 
and is also liable to variations in solution depending 
on the polarity of the solvent employed. Thus hexa-amide 
-1 -1 
absorbs at 1655 cm in the solid state, at 166 8 cm in 
„ -I 
concentrated solutions and at 16 80 cm ' in dilute chloro-
form solutionse The corresponding values of 16 92 cm"^ 
and 16 72 cm ' given for this absorption band in dioxane 
and in methanol indicate the degree of frequency shifts 
likely to be associated with alteration in type of 
solvent employed. The carbonyl absorption of N-ethyl-
-1 
acetamide ranges from 16 87 to 166 3 cm over a series 
of solvents, even at concentrations at which hydrogen 
bonding effects are precluded. At higher concentra-
tions the frequency varies continuously with the 
concentration due to change in strengths of the inter-
molecular hydrogen bonds, Formamide absorbs at 1740 
cm as vapour and at 1709 cm ' in dilute chloroform 
solutions. Therefore, carbonyl frequencies are much 
closer to these ketones and suggest that the contri-
bution of the ionic form is quite small under these 
conditions. 
N,N-disubstituted amides are incapable of forming 
hydrogen bonds, and the carbonyl absorption band is con-
sequently not much influenced by changes in physical 
stateo In these cases the amide first band usually 
- -j 
falls near 1650 cm unless a phenyl group is substi-
tuted on the nitrogen atom, when it is raised to 16 90 
cm o This is due to the competitive effect of the 
ring for the lone pair electrons of nitrogen ring. In 
consequence the ccbntrj bution of the ionic form of the 
amide is reduced and the carbonyl frequency is raised,, 
A similar effect may account for the high frequencies 
^ -I 
shown by N-nitrosoamides, which absorbs near 1740 cm ' 
in solution. The inverse effect occurs in dimethyl 
urea, in which the ionic character of the carbonyl is 
;{4 
r e in fo rced by the second n i t rogen atom so t h a t i n t he 
-1 
so l id s t a t e t h e frequency f a l l s t o 1610 cm o 
Inf ra red s t u d i e s have ' " shov/n t h a t a l a rge 
number of -•^-and I;^  - hydroxy-az a-aromat ic d e r i v a t i v e s are 
amides both i n so l id s t a t e and i n s o l u t i o n . A very strong 
-1 band i n t he range 1620-1750 cm shows the presence of a 
carbonyl groupo 2-Hydroxy-pyrimidine and 4-iEomer in 
the s o l i d s t a t e and i n s o l u t i o n shov/ absorp t ion bands in 
the 1600-1700 cm ' r eg ion which have no c o u n t e r p a r t in 
t h e s p e c t r a of the methoxy d e r i v a t i v e s and must be due t o 
the C=0 bond s t r e t c h i n g v i b r a t i o n s . Thus t he se conpounds 
in the s t a t e s examined e x i s t predominent ly in the amide 
form. 
C=S Stretching Vibration; 
The identification of the position of the C=S 
absorption has been a matter of some difficultyo In 
carbon disulphide the C=S stretching modes have been 
-1 — 1 
assigned to 1522 cm and 650 cm , whilst in carbonyl 
-1 94 
sulphide it is given at 859 cm » These are unusual 
cases in which the carbon is doubly unsaturated, and 
they do not offer any guidance to the likely position 
of the C=S vibration in saturated thioureas and similar 
compoundso Preliminary calculations indicated that the 
ratio c=o/c=s would be about 1o5 and that the C=S fre-
;i5 
-1 
quency would be fcund in the 1200-1050 cm regiono 
J u s t as i s the case wi th the carbonyl group , the C=S 
absorfjtion i s found t o be s e n s i t i v e t o t h e na ture of 
the surrounding s t r u c t u r e but the r e l a t i v e e t l e c t s 
of v a r i o u s subs t i t i a en t s are not always t h e same, and 
the r a t i o between the carbonyl and t h i o - c a r b o n y l f r e -
quenc ies v a r i e s over the range 1,6 t o 1,14. 
Systematic c o r r e l a t i o n s of the a v a i l a b l e da t a 
on t h i o c a r b o n y l s t r e t c h i n g frequency i n d i c a t e t h a t when 
i t i s unambiguously i d e n t i f i a b l e , eogo i n (-CH=CH)-) , 
C=S and -CS-SR d e r i v a t i v e s , i t i s a t 1150_+70 cm » 
Hov/ever, i n some molecu les , notably th ioamides 
and t h i o u r e a s , the t h ioca rbony l s t r e t c h i n g frequency i s 
u n c e r t a i n , as t h e r e i s complete mixing between t h e C=3 
97 98 s t r e t c h i n g mode and o the r v i b r a t i o n s * of s i m i l a r 
frequencieso This frequency i s ha rd ly s u s c e p t i b l e t o 
95- 95 p o l a r e f f e c t s . I t has been c a l c u l a t e d ' t h a t the C=S 
s t r e t c h i n g frequency i n thioformaldehyde should be 1120jh 
-1 
40 cm o By c o n t r a s t , t he carbonyl s t r e t c h i n g frecjuoncy 
-1 i n carbonyl ch lo r ide (1827 cm ) i s cons ide rab ly h igher 
than i n formaldehyde(1744 cm )o Presence of t h ioca rbony l 
s t r e t c h i n g frequency in mercapto compounds, provit le a 
d i r e c t evidence for t h e i r ex i s t ence in t he thioamide formo 
99 Spinner observed an i n t e n s e band i n the range 1100-1190 
:!S 
cm" i n s e v e r a l . < ~ riml "K -morcap toa 'znaroinnti c coini:>outV'.i i 
a t t r i b u t a b l e t o C=S s t r e t c h i n g f r e q u e n c y i n d i c a t i n g them 
t o be i n t h e t h i o a m i d e form<, There has been g r e a t un-
c e r t a i n t y w i t h r e g a r d t o t h e a s s i g n m e n t of t h e C=3 
s t r e t c h i n g f r e q u e n c y i n n i t r o g e n c o n t a i n i n g compounds 
and t h e a s s i g n m e n t s i n t h e s e compounds v a r y i n t h e wide 
-1 101 
r ange of 850-1570 cm . Elmore has shov/n t h a t t h e 
band which i s g e n e r a l l y a s s i g n e d t o C=3 s t r e t c h i n g 
v i b r a t i o n i n such compounds r e s u l t s from t h e c o u p l i n g of 
C-N and C=S s t r e t c h i n g v i b r a t i o n s ^ Normal c o o r d i n a t e 
a n a l y s i s of N - m e t h y l t h i o f o r m a m i d e , N - m e t h y l t h i o a c e t a m i d e , 
1 01 1 02 N, N ' - d i m e t h y l t h i o u r e a and t e t r a m e t h y l t h i o u r e a ' shov/s 
c l e a r e v i d e n c e f o r v i b r a t i o n a l mix ing i n t h e s e compoundso 
In s e c o n d a r y t h i o a m i d e s t h e bands w i t h c o n s i d e r a b l e c o n t r i -
1 03 b u t t o n from t h e C=S s t r e t c h i n g v i b r a t i o n a r e found i n 
- -1 
t h e r e g i o n 870-700 cm o T h i s i s c o n s i d e r a b l y lovi/er tT">an 
i n s i m p l e t h i o c a r b o n y l compounds, where t h e C=S v i b r a t i o n 
i s l o c a l i s e d o In t h i o u r e a , two bands i n t h e r e g i o n 1080-
- -1 
730 cm a r e found t o have a p p r e c i a b l e c o n t r i b u t i o n from 
97 104 
t h e C=S s t r e t c h i n g v i b r a t - i o n ' . Suzuki ' s c a l c u l a t i o n s 
show t h a t t h e 84 3 cm band f o r HCSNIU c o r r e s p o n d s t o an 
a lmos t p u r e C=3 mode and t h e i n t r i n s i c f r e q u e n c y of t h e 
C=S v i b r a t i o n s v a r y from 900 t o 850 c m ~ \ Gosavi e t . 
a l . pe r fo rmed a normal c o o r d i n a t e a n a l y s e s on li, N ' - d i m e t h y -
l t h i o u r e a and t e t r a m e t h y l t h i o u r e a and a s s i g n e d v a r i o u s 
.17 
mixed C=S s t r e t c h i n g frequency bands . The mixed v i b r a -
t i o n bands of N, N-dimethyl th iourea have t he c o n t r i b u -
t i o n from C=S s t r e t c h i n g v i b r a t i o n s a s : 1504 cm , ^0%t 
1420 c m ' ^ 18^ and 752 cm" \ 83i^ s i m i l a r l y , in t e t r a -
methyl t h i o u r e a the c o n t r i b u t i o n from C=S s t r e t c h i n g 
v i b r a t i o n s i s a s : 1408 cm"'', 25'.^, 1013 cm"'', 50^- 990 cm" \ 
50^^ and 462 cm" \ 37:^ o Since t h e force c o n t a n t s FCN and 
FCS are q u i t e s i m i l a r , the major c o n t r i b u t i o n from C-N 
and C=S v i b r a t i o n s are found in the bands which are q u i t e 
c l o s e t o each o t h e r ( e . g . 850 and 752 cn1 i n N-N'-dimethyl 
t h i o u r e a ) . The mixed v i b r a t i o n bands are in the reg ion 
of s o - c a l l e d N-C=S bands ' '^^. 
C-S s t r e t c h i n g V i b r a t i o n s ; 
The C-S s t r e t c h i n g frequency g e n e r a l l y appear as 
a band of weak and moderate i n t e n s i t y i n the range 720-
5 70 cm . In the Raman spec t r a t h i s band i s very s t r o n g . 
There appear t o be a p r o g r e s s i v e decrease i n the frequency 
i n aromatic d e r i v a t i v e s t he C-S frequency i s found tov/ards 
the top of t h i s range and some d i f f i c u l t y i s exper ienced 
in recogniz ing the C-S frequency due t o t h e p resence of 
the i n t e n s e CH-out of p lane deformat ion band in t h i s 
r e g i o n . In phenyl sulphonyl h a l i d e s the C-S v i b r a t i o n i s 
found between 7l5 and 706 cm o In organ ic t h i o c y a n a t e 
-1 i t appears i n the r eg ion 740-6 80 cm . In t h i o k e t o l s , 
:J8 
broad bands with several maxima are found probably 
due to vibrational coup ling» 
M-S Stretching Vibrations* 
The metal sulphur stretching frequency is of 
particular interest as it gives a direct evidence 
for coordination through the sulphur atom. It appears 
in the low frequency region, viz., 4 80 to 210 range. 
In many instances two bands are observed, one of 
medium to strong intensity, and a weaker band at a 
frequency 10 to 40 cm~^ lower than the stronger band^ 
The Sn~S frequencies earlier reported appear in this 
range. 
Metal-halogen Vibrations: 
Metal halogen vibration which appear in the lov/-
frequency infrared region, are quite useful, in deter-
mining the stereochemistry of coordination compoundso 
In a tetrahedral MX^ molecule (T,) there are four 
modes of vibration. All the four vibrations are Raman 
active whereas only two ( -j ^ » ^4) a^e infrared active, 
and their position depends upon the mass of the metal 
1 05 
and halogen . For an octahedral ML, molecule (0, ) 6 h 
- 2 - 2 (e.g., GeCl , SnCl , etc.) there are six possible 
normal modes of vibration. These ( v) 1 > Vo ^"^ )^^ ) 
39 
a r e Raman a c t i v e w h e r e a s o n l y two ( l^g* ^-^4^ ^^® i n f r a r e d 
a c t i v e ^ ' ^ ^ . In o c t a h e d r a l i o n s (GeX~ , Snx" , e t c . ) t h e 
M-X v i b r a t i o n s a r e found a t lower f r e q u e n c y t h a n t h o s e 
found f o r s i m i l a r v i b r a t i o n s i n a t e t r a h e d r a l e n v i r o n m e n t . 
When m e t a l t e t r a h a l i d e s , MX., form o c t a h e d r a l c o m p l e x e s , 
MX,:2 d o n o r , t h e M-X s t r e t c h i n g v i b r a t i o n s by a n a l o g y w i t h 
t h e s e o c t a h e d r a l i o n s , a r e c o n s i d e r a b l y s h i f t e d t o lov/er 
f r e q u e n c i e s r e l a t i v e t o t h o s e of t h e f r e e t e t r a -
h a l i d e S o In many a d d i t i o n compounds m e t a l - h a l o g e n v i b r a -
t i o n s a r e much more i n t e n s e t h a n l i g a n d v i b r a t i o n s . In 
g roup ( I V ) , t h i s i s most marked f o r addiacts of t i n t e t r a -
ha l i< les and l e a s t marked f o r a d d u c t s of s i l i c o n t e t r a -
h a l i d e s where i n t e n s i t i e s a r e f r e q u e n t l y c o m p a r a b l e . 
L igands may occupy e i t h e r c i s o r t r a n s p o s i t i o n s i n t h e 
o c t a h e d r o n o The use of i n f r a r e d s p e c t r o s c o p y i n t h e f a r 
IR r e g i o n t o s t u d y t h e c i s t r a n s i somer i sm of t h e a d d u c t s 
of t y p e MX.oL^(where M=Tin, s i l i c o n o r germanium, X i s 
h a l o g e n and L i s a monoden ta t e l i g a n d ) h a s been o u t l i n e d 
1 09—117 by many w o r k e r s . N e g l e c t i n g t h e c o u p l i n g between 
t h e M-X and t h e l i g a n d v i b r a t i o n , t h e t r a n s - a d d u c t i s 
c o n s i d e r e d t o be s i m i l a r t o a p e r t u r b e d s q u a r e p l a n a r MX, 
u n i t , so t h a t o n l y one i n f r a r e d a c t i v e f u n d a m e n t a l M-X 
s t r e t c h i n g v i b r a t i o n ( E u symmetry) i s p r e d i c t e d , however , 
f o r t h e c i s c o n f i g u r a t i o n t h e r e would be a t l e a s t two 
111 f u n d a m e n t a l s , The re a r e nxoraerous lav/s i n t h i s s imole 
41) 
approachc Fermi reasonance may make a combination band 
intense enough to be accepted as a fundamental. Alter-
natively, certain fundamentals may be very weak as for 
gaseous antimony trichloride, whose fundamental a is 
very very strong relative to the weak fundamental. Acci-
dental degeneracies may occur or bands may be unresolved. 
Electronic transitions and lattice vibrations may appearo 
Calciura flouride, for example, has a broad infrared 
absorption band at about 2 70 cm . Crystal field effects 
may resolve degeneracies, thus only triply degenerate Flu 
2 -fundamental of symmetrical SiF is resolved into tv/o 
peaks in the crystalline compound BaSiF , probably owing 
to elongation of octahedron along the three fold axis, 
causing a lov/ering of the symmetry from O, to l>o^ . 
1 1 S 
B e a t t i e and cov\/orkers c a r r i e d out a normal 
coo rd ina t e a n a l y s i s of the o c t a h e d r a l spec i e s c i s - and 
t r a n s - MX. - L_ by Wilson ' s F -G ma t r i x method and the 
c a l c u l a t e d v i b r a t i o n a l f r equenc ie s for c o o r d i n a t i o n comp-
ounds of some t e t r a h a l i d e s of g roup( IV) , The c a l c u l a t i o n s 
show t h a t for a c i s - a d d u c t t h r e e h igh frequency bands a re 
t o be expected , t h e next nea r e s t band ly ing cons ide rab ly 
belov/ t h i s group ( a l l t h e bands are i n f r a r e d and Raman 
a c t i v e ) o In t h e case of the t r a n s adducts i f t he meta l -
l igand force c o n s t a n t i s low as compared wi th t h e meta l -
41, 
haloi^en, there will bo one main band in the same region 
as the set of three absorptions mentioned for the cis 
adducts„ However, when the metal-ligand force constant 
is high, the e and a vibrations(both IR active) will 
occur in similar regions of the spectrum. Thus in a 
crystalline compound, crystal field resolution of the e 
vibration to doublet, plus the presence of an a vibra-
tion could lead to a spectrum similar to that of a cis 
adduct. The e vibration(anti symmetric stretch) is re-
latively insensitive to the value of F,, ^  and also to the 
value of the bending force constantSo Thus, identifica-
tion of cis- and trans isomers by infrared spectroscopic 
examination is helpful in favourable cases, particularly 
when solution spectra can be obtainedo 
Metal ligand vibrations: 
The metal ligand stretching frequency is of 
particular interest since it provides direct information 
regarding the coordinate bond. It appears in the low 
frequency region and depends on the following factors: 
1. Mass of the metal and ligand 
2o Oxidation number of metal ion 
3, Coordination number of metal ion 
4o Geometry of the complex 
5o Basicity of the ligand molecule 
6o Bridging or non bridging anions 
7o Ligand field stabilization energyo 
42 
Molar Conductt-inc;e 
The conductivity measurement is one of the 
simplest nnd easily available technique used in a re-
search laboratory for the characterization of coor<Ji-
nation compounds„ it gives direct information regard-
ing whether a given complex is ionic or covalent, i.e. 
whether the anions satisfy the primary or the secondary 
valency of the metal ion in the coordination compound» 
119 Several studies of molar conductivities of different 
kind of electrolytes in different solvents are now 
available and it is useful to compare molar conductance 
( /v ) value of a given complex v;ith that of the similar 
electrolyte. Conventionally, solutions of 10 M strength 
is used for the conductance measurements. Molar conduct-
ance values for different type of electrolytes in dimethyl 
formamide at this concentration are as 1:1, 65-90, 2:1, 
130-170, 3:1, 200-240, 4-1, 300 ohm"'' cm^ mole"^ ''^ o^ 
A good description of electrolytic behaviour of 
coordination compouncis In various organic solvents Is 
120 , ^ •, r-
gaven an a review . Molar conductance values for 
- 3 
complexes of the various electrolyte types of 10 M con-
centrations in methanol are as 1 :1 , 80-115, 2:1, 160-220, 
-1 2 -1 3:1, 290-350, 4-1, 450 olim cm mole o Reference 
values for non-complex electrolytes lead to an average ^-
43 
-1 2 -1 
value for 1 :1 e l e c t r o l y t e s of .j^91o5 ohm cm mole 
However, the v a l u e s for the t e t r a p h e n y l b o r a t e and t e t r a -
i soamylbora te s a l t s are very low because of t he lo\^ r 
i o n i c mobl l l t iGS and i f these v a l u e s are excluded from 
-1 7 -1 
the o v e r a l l average , a va lue of ^-^ 96 olim cm" mole i s 
o b t a i n e d . Average valijos for coniplexes of u n i d e n t a t e 
-1 2 -1 
l i g a n d s are fo r 1 :1 e l e c t r o l y t e s 88o5 olim cm moJe 
-1 2 -1 
and for 2:1 e l e c t r o l y t e s 167 ohm cm mole . For the 
;\?hole range of complexes which has been s t u d i e d , va lues 
claimed for 1:1 e l e c t r o l y t e s range from 60-115 ohm ' cm' 
-1 -1 2 -1 
mole , wi th an aveinge va lue of 83 otim cm mole 
For 2:1 e l e c t r o l y t e s , v a l u e s claimed cover the range 115-
-1 2 — 1 
250 ohm cm mole have been given for 3:1 e l e c t r o l y t e s o 
-1 2 -1 
A reasonab le average va lue i s 242 ohm cm mole . For 
4:1 e l e c t r o l y t e s (11 5-11 8) , v a l u e s cover a range 244-34 1 
- 1 2 - ' ' - 1 ? 
ohm cm mole ' wi th an average va lue of 307 olim ' cm' 
mole o An unusual e l e c t r o l y t e t ^ ^ e i s t h e compound 
(CrL )„(S0^)„ , where lj=2-am.ino e t h y l p y r j d i n e , fo r which 
— "^  2 -1 
a va lue of 419 olim ' cm mole i s quoted „ 
Toxic i ty and p r o b i t a n a l y s i s : 
In o rde r t o examine the t o x i c i t y of a chemical 
i n terms of p r o b i t t h e e f f e c t of the s t imulus i s d e t e r -
mined according t o the r e a c t i o n of l i v i n g organism aga ins t 
t h a t chemica l . Usual ly the s t imulus i s appl ied a t a 
s e r i e s of exper imenta l range and the r e a c t i o n of each 
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raiiyc Uel-.eiiuiiK.'d from i t s applicaLJoti to a se t of 
experimentSo 
Ins tead of speaking i n gene ra l term i t i s more 
convenient i n d e s c r i b i n g t h e kind of d a t a t o r e f e r t o 
one t y p e of experiment such as the de t e rmina t ion of the 
t o x i c i t y of a chemical p r e p a r a t i o n t o a .g iven t y p e of 
i n s e c t o In such exper iments v a r i o u s c o n c e n t r a t i o n s of 
the comxDound are prepart^d and a s e t of i n s e c t s assigned 
at random to each c o n c e n t r a t i o n l e v e l . The compound is 
a p p l i e d , and for each se t a count i s made a t t he t o t a l 
number of i n s e c t s (n) and t h e nximber k i l l e d (r) o The 
r e s u l t s can be e:<pressed e i t h e r as a p r o p o r t i o n ( r /n ) 
or as a pe rcen tage ICO ( r / n ) . Such da ta may then be 
appl ied for p r o b i t a n a l y s i s i n a ssess ing the v a r i o u s 
t o x i c subs tances and l e t h a l doseso 
Tolerance l i m i t 
For any one subjec t t h e r e i s a c e r t a i n l e v e l of 
i n t e n s i t y of t he s t imulus below which response does not 
occur and above which i t docs occuro For example, in 
cons ide r ing a g iven i n s e c t t h e r e i s a l i m i t of concen-
t r a t i o n for a c e r t a i n chemical such tha t i f t h e concen-
t r a t i o n i s below t h i s l i m i t t he i n s e c t wil.l s u r v i v e , but 
i f the c o n c e n t r a t i o n exceeds t h i s l i m i t the i n s e c t s wil.l 
dieo This t o l e r a n c e i s r ep re sen t ed by /\ , For most of 
the b i o l o g i c a l p r e p a r a t i o n the d i s t r i b u t i o n of A i s not 
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normal but i s a t l e a s t approximate ly normal for X- log^^. 
In p r o b i t a n a l y s i s theiefoic> the loq of the coi icentra-
71 t l o n i s u suaUv used . FolJowino Finney \ i s roff^rrc-r] t-o 
nr. r. t\\o donc' in toiinr. of nc tun l cronconti riti on cxpi vr^r>vO 
i n mi 1J i g r am/ l i t r e and the log concen t ra te ot\ i s r e fe r re>d 
t o as t he d o s a g e A p l o t of the p e r c e n t a g e s k i l l e d aga ins t 
dosage g i v e s a sigmoid curveo The a n a l y s i s of r e s u l t s 
from the sigmoid cur"ve pr^e^sents some r a t h e r .sei ious d i f f i -
c u l t i e s o I t would t h e r e f o r e , seem t o bei d e s i r a b l e t o use 
a t r ans fo rma t ion of the p e r c e n t a g e s such t h a t wi th a normal 
d i s t r i b u t i o n the t ransformed pe rcen t ages would l i e in a 
s t r a i g h t l i n e . Any v a r i a t i o n from the normal curve wil.l 
cause t he p l o t t e d p r o b i t s to vary from a s t r a i g h t l ineo 
Genera l ly , the observed v a r i a t i o n s from a s t r a i g h t l i n e 
a re of tv/o t y p e s . 
(I) In the f i r s t p l ace t h e s e t s of exper iments may 
not be a l l uniform or the c o n d i t i o n s for t he s e t s may 
not be uniformo This w i l l tend t o produce an abnormal 
s c a t t e r s of t h e p o i n t s about the s t r a i g h t l ineo 
( I I ) In t h e second p l a c e the t r ans fo rma t ion of the 
dose t o dosage may not be s u i t a b l e . 
P r a c t i c a l a p p l i c a t i o n of p r o b i t a n a l y s i s ; 
Since vie expect t o ge t a s t r a i g h t l i n e v/hen 
p r o b i t s are p l o t t e d a g a i n s t dosage , t he methods of l i n e a r 
r e g r e s s i o n are suggested^ 
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To merisure the potency of t h e p r e p a r a t i o n i t 
has been found t h a t t h e dose g iv ing a 50'i^ k i l l i s the 
most s t a t i s t i c and r e f e r r e d t o as LD .^. (median l e t h a l 
dose)o In exper iments where t h e response i s not dea th 
we r e f e r t o t h e EJ^CQ (median e f f e c t i v e d o s e ) . Whatever 
p r a c t i c a l advantages t h e r e may be i n knoii/ino t he l£>qp, 
or some s i m i l a r v a l u e , the f ac t i s t h a t much g r e a t e r 
p r e c i s i o n can be ob ta ined in the measure of t he Ii->cQ 
which i s corresponding t o a p r o b i t va lue of 5 , 
Another f a c t o r t o be measured i s the range of 
the dosage r equ i r ed for a given range of pe rcen tage k i l l . 
This might be r e f e r r e d t o as t h e s e n s i t i v i t y of the p r e -
p a r a t i o n t e s t e d . Obviously i f small changes i n concen-
t r a t i o n s give a wide range i n t h e pe rcen tage k i l J , the 
s e n s i t i v i t y i s high and r ep re sen t ed by the s lope of t he 
l i n e . The g r e a t e r t h e s lope the narrower the range in 
dosage for a given range i n the pe rcen tage k i l l . 
The geometry of the l i n e would seem t o g ive 
therefore^ t he r equ i r ed measure of potency and s e n s i t i v i t y 
Taking two p o i n t s X and x^, r e p r e s e n t i n g t he dosage , on 
the absc i s sa of t h e graph and f ind ing t h e corresponding 
p o i n t s Y^  and Y^ on t he p r o b i t s c a l e , w i l l give t h e s lope 
of the l i n e . If b r e p r e s e n t s t h e s lope , then 
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Y - Y 
^ - ^' 1 
This maXes i t p o s s i b l e t o s e t up a r e g r e s s i o n 
equa t ion of t h e t ype Y = a + bx where a = Y^  - bx^ or 
Funcj i toxic i ty 
To c a r r y out the experjments for ovaluat i t ion of the 
f u n g i t o x i c i t y by Agar p l a t e t echn ique a medium was 
prepared by the fol lowing methodo 
P r e p a r a t i o n of p o t a t o - dext^rosej ^g^ar j(P «D .A) 
Peeled p o t a t o e s (200 g) were boi led in 500 ml 
of watero Ex t r ac t was mixed v/ith 20 g agar and 20 g 
g lucose in 500 ml of watero After mixing the volume 
vjas made upto 1000 ml in Erlenmeyer f l a s k s . The f l a s k s 
were plugged v/ith non absorbent c o t t o n . The medium 
thus prepared was s t e r i l l i z e d for 15 minutes a t 15 lbs 
p r e s s u r e i n autoclaveo 
S t e r i J i s a t i o n of p e t r i d i s h e s : 
The p e t r i d i s h e s a f t e r having cleaned were wrapped 
in old nevjs papers and were t r a n s f e r r e d in oven a t 1 80° 
foi- one houro 
I s o l a t i o n pf f u n g i : 
The v e g e t a b l e s , f r u i t s and s l i c e s showing in fec ted 
a r e a s were removed by s t e r i l e s c a l p e l and t r a n s f e r r e d 
48 
in the petridishes containing P.D.A. The fungi appear-
ing in these petridishes were isolated in pure culture. 
The inoculuni was raised on P.D.A. by transferring mycellia 
from the pure culture and v/as used foi* subsequent studieso 
The % inhibition in growth of the fungi was calcu-
lated by using the following formula; 
t inhibition = Si^Z^I- x 100 
c 
Where 'C ' diameter of fungus colony in control 
'T • diameter of treated fungus colony after 9 6 
hours. 
C H A P T E R III 
Characterisation and kinetics of substi-
tution of group(IV) metal chelates of 
Salicylic acid:Urea:Formaldehyde Copolymero 
41) 
metal cVieJatea of s a l i c y l i c a c i d : Urea: Formaldehycie 
copolymer : 
Experimental 
M a t e r i a l s and method : 
SiCl^ , SnCl^, TiCl^ , ZrCl^, formaldehyde (BDH), 
CeCl.(Kochc L i g h t ) , s a l i c y l i c a c i d , urea (Sa rabha i ) , 
benzoyl c h l o r j d e , a c e t y l c h i o r j d e and DMF(Piedel) were 
used without f u r t h e r p u r i f i c a t i o n . The i n f r a r e d and fa r 
I n f r a r e d spec t r a were recorded on a Perhln Elmer-621 
(4000-2C0 cm ' ) spec t ropho tomete r . Molecular weight was 
determined by v i s c o s i t y method. The c o n d u c t i v i t y measure— 
rr.ents were made on S y s t r o n i c s c o n d u c t i v i t y br idge t5^e-3C2» 
Synthes i s of s a l i c y l i c a c i d : Urea; forma Idejiyde (SUF) 
Copolymer: 
A mixture of s a l i c y l i c a c i d , u rea , formaldehyde 
v/ere taken i n 4 :1 :4 molar r a t i o r e s p e c t i v e l y i n e t h a n o l . 
To t h i s mixture 1 ml of HCl was added to c a t a l y s e the 
r eac t iono The s l u r r y thus obta ined was ref luxed for 
about 5 hours when condensat ion occurred„ The tempera-
t u r e was kept a t about lOo'^C, The condensa t ion product 
v/as v/ashed wi th l a r g e amount of hot v/ater and soxhle t 
e x t r a c t e d with e t h e r . I t was p u r i f i e d by d i s s o l v i n g in 
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O'K NaOH and r e p r e c i p i t a t e d with 1 ;1 (v/v) concent ra ted 
hydroch lo r i c acid^ F i n a l l y , the copol^TOer v^ 7as washed 
v;ith hot water and d r i ed in vacuujii. 
The r e a c t i o n involved in t he s y n t h e s i s i s given 
b e ] o w : 
0 
li 
H2N —C —NH2 + H2C = 0 
J h 
HOH2C 0 CH2OH 
HOH2C 
N — C — N 
+ 4 
COOH2C 0 CH2OOC 
I II 
M — C — N 
COOH2C CH2OOC 
+ 4H2O 
(Mechan i sm A ) 
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Preparation of the pompl_exe_s 
The copolymer (0.02M) dissolved in DMF was 
added to metal tetrachloride (O.OIM) in CCl^. The 
resulting mixture v;as stirred for 24 hrs and allowed 
to stand oveinighto The complexes thus formed were 
filtered, washed with DMF and dried in vacuo, 
Determinatioii_ of_ metal^ uptake : 
Solution af the same concentration (OoOl M) of 
metal halide and the copolymer v;ere prepared, A large 
excess of metal (5 paztr ) was added to pol^-mer (1 part) 
and tlie mixture was stirx'ed for about sn hour till a 
comi^lex was obtained ^  
Evaluation pf_J^ i^^ _r'^ te_^ pJ_ me_t_al uptake: 
It is clear from the calculation (Tablc-1) that 
the metal uptake is maximum in the case of SiCl.o The 
quantity of metal upitake is a measure of degree^ of 
polymerization. 
Di^strihution o_f_ metal ions: 
The metal contents both in the complexes and 
the filtrate were determined„ Since all these metal 
tetrachloride solutions get hydrolysed in presence of 
acid or alkali its study in presence of a supporting 
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H5 
electrolyte at varying pH could not he modeo Further' 
more, the uptake and dir.tribiition ratio of metal con-
tents in the comjolex as welJ as in the filtrate has 
also been determined by using the formula: 
Amo'unt of metal in^ the copolymer Volu'iMt,- of solute 
Amount of metal In "the solution " wto of copolymer 
Kinetic measurement: 
MilJimolar 5:oJutions of the conipJexer- and those 
of the nucleophiles namely, benzoyl chJoride and acetyl-
chloride were prepared in DMF , These nucleophjles v/erc-
added in 1 :1, 1 :2 and i :large molar ratJOo The conduct-
ance of each mixture was measured (a) immediately, (b) 
after successive intervals of five minutes for a period 
of one houx- and (c) after 24 hours to get /v^ ^ . The 
molar condvictance, /V versus time curve for substitution 
of the ligand by chloride ion was plotted for three 
different molar ratio (Fig, 1,2), 
A plot of log (/\, ^\^\^^^ ) against time yielded 
tv/o straight lines intersecting each other for each 
molar ratios indicating that both reactions follov/ first 
order kinetics. The specific rate constants, K and K , 
for stepwise replacemc^nt of the ligand in the complexes 
were calculated from the slope of the first and second 
linear portion of the curves using the method^'^ ^  ' ^  ^ ^ of 
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tv;o mutually inter .meeting lines. 
The integrated equation for calculation of 1st 
order rate constant is as follows: 
K = - Is^SI log|A_^V%o- ^ ^ 
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Results and^ Di^ -;cus_sip_n 
The copolymer and their complexes are stabJe 
to oxidation by air^ The elemental analysis and 
molecular weight support the composition of the complexes 
and the copolymer. The distribution coefficient of alJ 
the complexes are also in agreement with those of their 
proposed stoichiometryo The molar conductance of 10 " M 
solution of these complexes in DMF are far below the 
range of an uni-univalent electrolyte suggesting them to 
1 20 be covalent in nature . Conductometric titration of 
the copol^ TTier against group (IV) metal chlorides carijed 
out in extremely dilute solution showed a very high metal 
to copolyiner ratioo Similar observation has also been 
made in the case of germanium tetrachloride complex of 
piperazine in solution though in concentrated solution 
it yielded only a 1 :2 adducto This high ratio of metal 
tetrachlorides to copolymer (except for Zr) may be 
ascribed to the association of copolymer or the solverit 
123 
molecule around the metal only when the solution is 
too dilutee 
There is some uncertainty on t\y^' site of coordi-
nation in urea and similar other molecules as to which 
of the two nitrogens or oxygen is coordinatcrd to metal 
in a molecular addition compound. Both the metal-oxygen 
r; 9 
and metal-nitrogen bonding in urea and amide has been 
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reported on the basis of IR spectroscopic evidences 
In the urea complexes with smaller monovalent cations 
the oxygen atom was found bridging two cations while in 
the complexes with cations having higher charge, the 
urea molecule usually serves as monodentate ligand. 
Moreover, for divalent cation there is a preferred geo-
metry of urea-cation bonding such that the cation lies in 
the plane of the urea molecule and C=0-M angle is about 
135°. 
Coordination of amide nitrogen to Pt(II) and pd 
125 (II) complexes has been reported on the basis of IR 
spectral studies. It is known that in urea complexes 
1 2f> 
coordination through N causes a decrease in i;(C-N) 
with a consequent increase in •V(C-O), Convexsely, 
coordination through oxygen results in a decrease in 
1 27 V(C-0) with an increase in l^(C-N), Cook has reported 
that with alkyl substitution in amides the electron 
density at the carbonyl oxygen increases but •y(C-O) 
decreases. Hence, metal ions generally prefer to coor-
dinate through carbonyl ojiygen rather than the nitrogen 
atom of urea o 
In the case under consideration the substituents 
at the nitrogen atom (mechanism A) may increase the electro-
nic density at carbonyl oxygen making it more susceptible 
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t o coorcl inntion on one hand, v/hile on the o the r they 
p reven t c o o r d i n a t i o n throuoh nitroc^en atom as a consf^-
quence of s t e r i c s t r a i n . The C-N s t r e t c h i n g frequency 
appears a t 11 50 cm and 14 90 cm ' as medium bands which 
retr.ain almost unaJ te red in the complexeSo The 'U (C-0) 
appeals as s t rong broad band a t 1620 cm ' and 1670 era \ 
The tV7o ]:)ands are probably due t o t h e coupling'^ of -"(C-W) 
v i t h V(C=0)c They however, show a dec rease of 10 t o 50 
cm ' i n carbonyl s t r e t c h i n g frequency v/hich i s i n d i c a t i v e 
of t he bonding of C=0 group with MX., The tv;o s t rong 
_ -I peaks in t h e copolyiner a t 760 and 800 cm ' assigned t o 
CH and r ing v i b r a t i o n s remain unchanged even a f t e r com-
plexatjot to The p o s s i b i l i t y of the coo rd ina t i on of the 
e s t e i caxlx)nyJ group may be ru led out as i t may cause 
i n t r a m o l e c u l a i hydrogen ix^nding, 
The> (K-0) s t r e t c h i n g f r equenc ies at 000, 900, 
4 50, 660, 620 have been assigned t o S i , Go, Sn, Ti and 
Zr r e s p e c t i v e l y . The(M-Cl) s t r e t c h i n g f r equenc i e s have 
been noted in 320-4 25 cm ' regiouo 
I t has been concluded t h a t the metal ujital.e 
deer-eases wi th t he i n c r e a s i n g m e t a l l i c c h a r a c t e r . 
Si > Ti > Ge > Sn ) Zr 
(i2 
The kinetics of subr.t J tut J on in the comx^loxes 
(^-CcCl^) and (iw-SnCl^) were done in DMF due to (a) 
solubi-lity of the complex in this solvent (b) and its 
non self ionizing charactero 
The followiruj reaction mech.nnisn has been pro-
posed for the substitution of the Jiqand nioJ ecules by 
chlor.ide ion generated by dit:f€*rent nucleoi^hil j c reagents, 
CI 
CI 
CI 
Cl 
M 
L 
( A ) 
Cl 
M 
Cl 
( E ) 
Cl 
Sfc. 
Cl 
Cl 
.Cl 
Cl 
Cl 
:U 
Cl 
Cl 
M 
s 
L 
(B) 
Cl 
M 
( 0 ) 
Cl 
Cl 
Cl 
+ L 
Cl 
C! 
Cl 
Cl 
\ 
Cl 
M 
L 
(C) 
.Cl 
"Cl 
M : Ge( IV) , Sn( IV) 
The r e a c t i o n of c h l o r i d e i o n p r o d u c e d by benzo-
y l c h l o r i o e , a c e t y l c h l o r i a e may fo l . l ow tv;o p a t h s 1 2 8 
(a ) The f i r s t o r d e r d i s . s o c i c - i t i o n of t h e l i g a n d 
from t h e c o p i p l e x f o l l o w e d by r a p i d a d d i t i o n of c h J o r J d e 
i o n o 
i;3 
\ 
9 
8 
O 
10 20 30 AO 
Time ( min) 
Fig. 3 F i r s t o r d e r p l o t s fo r s u b s t i t u t i o n of C5H^C0Cl 
in d i f f e r e n t mo la r r a t i o s fo r [ 1 - 2 - 0 6 0 1 ^ ] • 
!.] 
2 
8 
o 
20 30 40 
Time (mm) 
Fig 4 F i r s t o rde r p l o t s f o r s u b s t i t u t i o n of 
CHoCOCl m d i f f e r e n t mo la r r a t i o s for 
r L 2 - G e C l 4 l 
05 
(b) A simultaneous bond breaking of the ligand 
and bond formation with chloride ion in the complexo 
However, in the present case it follows first 
order (SN1) reactiono The rate of increase in conduct-
ance durinq substitution indicates that chloride ion is 
a stroucjer niicloophile than the ligand,, The replacement 
of the ligand (L), by the chloride ion resulting in the 
- 2-
formation of [(Ir-riCl^ )] and [(MCl^ ] as final 
product, indjcates an increase in conductance of the 
solution as a function of time v/hich attains a maximiiia 
after 24 hrs. The pathway shown, however, involved a 
trigonal bipyramidal intermediate '^ (B, D ) ^ The 
dissociation of [^ (L-MCl ) | in step (C) seems to bo 
faster than the cori^esponding dissociation in step (B) 
because of the negative charge on the foimei' which 
assists the breaking of the metal-ligand bond. However, 
an equlljbriun point is attained after 24 hrs. From the 
calculation (Table-4) of specific rate constants, K. and 
K„ it has been found that it is independent of the con-
centration as well as the molar ratios. The 1st order 
plots (Fig.3,4) consist of two intersecting strajoht lines 
suggesting that there are two different rate^ determinirig 
steps, the first step corresponds to the reaction (B) and 
second to the reaction (D), The dissociation of (L) in 
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s t e p (B) i s a slov/ pr(X'eG5; and hcnc^o i t i s the r a t e 
determinenq s t e p . 
Front t h i s study i t has been concluded t h a t the 
r a t e of s u b s t i t u t i o n fol lows SN mechanslin and the ben-
zoyl c h l o r i d e i s a s t ronge r nuc l eoph i l e than a c e t y l 
chLorJde (Table-^ ) . 
Synthesis, Characterization, kinetic 
measurements and toxicity of some 
group(IV) metal chelates with a ligand 
derived from Salicylic acid:Thioureaj 
trioxane. 
I) 8 
Syn thes i s , Charac t t i r i i i a t ion , H lnc t i c rneosuremcnts arid 
toxicj i ty o± some group (IV) _jnetai c h e l a t e s with a 
Jj((anci dor ived from s a l i c y l i c acici : thiovix<ic\ aiid t r i -
oxanGo 
Experimental 
Materials and methods; 
SiCl^, SnCl^, TiCl^, ZrCl^(BDH), GeCl^(Koch 
Liqht) s a l i c y l i c acid (Sarabhai) SOCl„, C^H^COCl, HCl 
(P.ic-del), t h i o u r e a (AR) trio:<ane (FJuJca) wero used as 
sucho The IR s p e c t r a (600-4C00 cm"^) were recorded on 
a Perkin Elmer 621 spectrophotometer in KBr d i s c and 
nujo l mull(600-250 cm ) . The NflR spectrum was recorded 
on Varian A60 U in deu t e r a t ed UMSO. The c o n d u c t i v i t y 
measurements were made on El ico c o n d u c t i v i t y br idge 
t y p e CM-82T, The molecular weight was determined by 
v i s c o s i t y measux'ement method i n chlotoform us ing 
Ostv/ald "Viscometer. 
Syn thes i s of the l i g a n d ; 
A mixture of s a l i c y l i c aci(3 .-thiourea : t r Loxane 
(STT) (2:1:1) d i s s o l v e d in e thano l was re f luxed in 
p re sence of 2H}I„ SO. as c a t a l y s t a t 100°C for D h r s . 
The l igand was formed by condensat ion ,= I t was was?ied 
Ii9 
with v/nter nnci soxhiet exti r.cted with ethcTo For 
further purification it was dissolved in 8'^  NaOH and 
rejpiec'ipj tated with 1 :1 (v/v) concentrated HCIo Finally, 
it was washed with hot water and drjed in vacuo at room 
temperature, 
Preparation of the Complexes: 
The metal tetrachloricies (0„01 M) dis.solved in 
20 ml CCl. were mixed in tv/o different molar ratios (0 = 01 
M and Oo02 M) of the ligand separately in 20 ml ethanol. 
The resulting solution was stirred for about 5 >irs tilJ 
a solid was obtained» The complexes were washed with 
chloroform and recrystallised from acetonco 
Kinetic measurements; 
Millimolar solution of the complex lsnCl„'^^ ) 
and those of the nucleophiles namely, C H^COCl, SOCl 
and HCl were prepared in DMF. The conductance of the 
complex alone and after the addition of nucleophile 
(in 1 :1 , 1 :2 and 1 :large ratio) was measured, as a 
function of time, immediately and after successive 
interval of five minutes over a period of an hr. and 
after 24 hrs to obtain /V 
CO 
Toxic e f f e c t ; 
Experiments were done on h o u s e f l i e s (Musca do-
mestJca nobulo) and cockroaches (Peri j^laneta An\ericana) . 
70 
The concentration of the liganci and those of the complexes 
was selected in 1 ppm to 5 ppm rangeo Five insects were 
taken in each set and the insects were kept under constant 
observationo A control set was also run simultaneously. 
Their percent mortality was recorded after every 24 and 
96 hrs. The LD^Q ^as calculated in terms of probit. 
Fungitoxiclty was also evaluated against(Aspergi-
llus niger, Aspergillus flavus and Alternaria pori). They 
were treated with a 2-3 % solution of the compounds and 
compared the results against an untreated set under the 
same experimental conditionSo The % inhibition in growth 
was calculated. 
71 
Results and Discussion 
The mechanism involved in t he formation of the 
l igand i s g iven below; 
^ 2 
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The niethylenlc group of trioxane links thiourea 
and salicylic acid with the elimination of two molecules 
of water. If the ligand is synthesised in 1 :1 :1 molar 
ratio , one end of thiourea Ir. left unlinked while a 
synunetrical liqand is obtained wlien STT are ta}.on in 
2 :1 :1 molar ratio whicli would b(' probably more sta)jle. 
The polymeric chain propagates by crosslinking through 
-CH„ groupo 
NMR spectrum: 
The structure of the ligand has been ascertained 
by NflR spectrum in deuterated DMSO. The MflR spectr\im 
reveals chemical shift for methylenic proton at 2o7.S 
while the ring proton signal is obtained at 6c8o- 8o00', o 
The (^ values obtainejd for phenolic and aldehydic protons 
are at 10.2.'j and 11.sS respectivelyo All § values 
obtained for various groups are in agreement with those 
-I 
reported for similar other molecules . 
IR spectra: 
The identification of the donor sites in thiourea 
and other identical ligands is extremely difficult 
because the majority of the bands are coupled. The 
thioamide band itself (in this case CH -N=C=S) is a 
combination of four bandso However, on the basis of 
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normal coordinate analysis of dime—thylthiourea Gosavi 
102 and coworkers have assigned these bands as thioamide 
band I (1504 &n~h , I I Cl420 cm~h, 111 (1290 cm" )^ and 
IV(752 cm" ) . Moreover, there i s s t i l l an unce r t a in ty 
regarding the range of these bands . The frequency 
of thioamide band I is known to increase followed by a 
s u b s t a n t i a l increase in thioamide band I I if the nitrogen 
of thiourea i s coordinated. On the contrary a l l the th io -
amide bands (except band I) s h i f t to lower wave number if 
the coordination occurs through the sulphur atom. In tne 
p resen t case the tnioamide bands I and II(1515 cm" and 
13 80 cm" ) in free ligand have been found to be snif ted 
t o higher wavenumbers (Tat)le-6) . This observation unequi-
voca l ly supports coordination through nitrogen atom. As 
a consequence, thioamide band I I I shews a decrease in 
13 2 133 frequency . The (C=S) band coupled with \) (C-M) 
gives r i s e to thioamide oanddv) . This band shows an 
enhancement in frequency by about 25 cm in a l l cases. 
A broad band at 29 20 cm" in the IR spectrum of STT has 
been assigned to "v) (N-H) . This band does not appear 
in the complexes showing the replacement of hydrogen 
by metal atom as HCl which has been asce r t - ined by the 
quan t i t a t i ve t e s t of chlorine in the complexes, A 
medium band at 26 50 en " i s a t t r i b u t e d to hydrogen 
bended pnenolic group "". Tne consis tanr appear-
ance of v) (C^O) at 1650 cm" ^ in both the l igand and the 
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7!) 
roinploxo.'i r u i n s out tho InvolvcMnoiiL oi cnrlxjnyl oxyuen 
in c o o r d i n a t i o n . 
The assignment of (M-N) v i b r a t i o n s in qroup(IV) 
meta l complexes cont<3ininq exocyclic n i t r o q e n hns been 
r epo r t ed in t h e range 450-425 cm"''o In our case some 
new bands oi" medium i n t e n s i t y ly iny a t 440, 4 30, 425, 
AbO nnd 4 30 cm have been ass igned t o (Si-N) , (Go-lJ) » 
(Sn-N), (Ti-N) and (2r-N) bands r e s p e c t i v e l y . The (M-X) 
bands are s t ronge r than those of (M-,M) bands and l i e a t 
lov;er v/ave number (Table-6)a 
K i n e t i c s and mechanism of s u b s t i t u t i o n : 
The i n c r e a s e in molar conductance for s o l v a t i o n 
i n d i c a t e s t h a t i t i s a very slow process as compared 
t o t h a t of s u b s t i t u t i o n ( F i g . 5 , 6 ) . Thjs may probably be 
due t o an i n c r e a s e in c o o r d i n a t i o n number of metal from 
4 t o 6 by t h e a s s o c i a t i o n of so lven t molecule around 
metal 123 The reaction may be written as under cS 
CI 
CI 
Sn 
N. 
N' 
+ S - > • 
( Solvent ) 
CI 
CI 
Sn 
N 
N 
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Hov^c.'voi , t h o c o n d u c t n n c e aLtn in .T a laaxinmiii af t e ) alxjuL 
1 hcnn duo t o t h e f o r m a t i o n oi a s t a b l e s p ' . r i o r * . 
The s u b s t i t u t i o n r e a c t i o n i s m o s t l i k e l y t o 
1 2 
f o l l o v ; SrJ m e c h a n i s m r a t h e r t h a n SrJ o The mechari lmn of 
t h e r e a c t i o n may be q i v e n a s 5 o l L o v / s . 
CI 
CI 
Sn 
S 
( A ) 
N. 
N 
CI N, 
Sn 
C» N 
( B) 
CI 
+ S 
CI 
CI 
sn 
CI 
( C) 
N. 
N 
CI 
CI I N 
\ ' / " 
Sn 
CI N 
CI 
( E ) 
CI 
:S + Sn 
^ , \ 
CI N 
CI 
( D ) 
The rate of increase in conductance during 
substitution indicates that the chloride ion is obviously 
a stronger nucloophile than the solvent (s). The substi-
tution of solvent (s) by chloride ion results in tho 
£ormation of H^^^l^SnCl^ 1 as final product accompanio d 
o-j 0 I 
0 20 40 60 
Time (min) — 
Fig.7 First order plots for sust i tu t ion 
of CgHgCOCl and HCl in dif ferent 
molar ratios for 
I . >SnCl2 
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by an i n c r e a s e i n mola r c o n d u c t a n c e a s a f u n c t i o n of 
t imeo The c o n d u c t a n c e tecomos c o n s t a n t a f t e r 1 hro 
The pathway shovm hov/ever, i n v o l v e s a t r i g o n a l b i p y r a -
m i d a l i n t e r m e d i a t e '^^^o The f i r s t o r d e r p l o t s 
c o n s i s t of tv/o i n t e r s e c t i n g l i n e a r p o r t i o n s (Figo7) 
s u g g e s t i n g t h a t t h e r e a re two d i f f e r e n t r a t e d e t e n n i n -
i n g s t e p s , t h e f i r s t s t e p corresx:>onding t o (D) and Geec^nd 
t o r e a c t i o n (D)o 
The r e a c t i o n fo l lov;3 an (SM') p a t h and t h e n u c l e o -
p h i l i c r e a g e n t s may be a r r a n g e d i n t h e d e c r e a s i n g or^ier of 
t h e i r r a t e c o n s t a n t s K and ic, ( T a b l e - 7 ) . 
SOCl., ) C^H^COCl > HClo 
I n s e c t i c i d a l and f u n g i c i d a l S t u d i e s * 
From t h e v a l u e of LD^ ( F i g . 0 ,9 ) ( T a b l e - 3 ) i t ha s 
been o b s e r v e d t h a t t h e l i g a n d and i t s complexes a r e t o x i c 
t o h o u s e f l i e s and c o c k r o a c h e s i n a s much lov; c o n c e n t r a -
t i o n a s 3 ppiHo 
The a b i l i t y of t h e l i g a n d and t h e complexes t o 
e x h i b i t t h e f u n g i t o x i c i t y i n t e r m s of % i n h i b i t i o n i n 
g rowth i s shov;n i n (Tab lo -9 ) a g a i n s t t h e fung i ( A s p e r g i l lus 
n i g e r , A s p e r g i l l u s f l a v u s and A l t e r n a r i a p o r i ) . The l i gand 
shov/ed 60'^ ^ i n h i b i t i o n i n i t s g r o w t h a g a i n s t 10'i grov/th 
r e t a r d a t i o n by t h e complexes v i v i d l y d e m o n s t r a t i n g g r e a t e r 
t o x i c i t y f o r t h e complexed l i g a n d „ 
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C H A P T E R _V 
Complexes of group (IV) m e t a l c h l o r i d e 
w i t h 5 , 5 - m c t h y l e n e b i s - c a l i c y l a l d e h y d e 
and i t s S c h i f f base w i t h h y d r a z i n e h y d r a t e , 
88 
Complexes of group (IV) metal c h l o r i d e wi th 5, 5-methvlene bis 
sa l i cy l a ldehyde and i t s Schiff base with hydraz ine hydra te 
Experimental 
M a t e r i a l s and methods; 
Formaldehyde, SiCl^z SnCl^, TiCl^ , ZrCl^ (BCH) , 
GeCl. (Koch L i g h t ) / s a l i c y l aldehyde (E.Merck), t r i o x a n e , 
hydraz ine hydra te ( f l u k a ) , SCCI2/ CgH^COCl, HCl (Riedel) 
were used as r e c e i v e d . The IR s p e c t r a (250-4000 cm ) 
were recorded on a Beckman spec t ropho tomete r as KBr d i s c 
and nujol mul l . The c o n d u c t i v i t y measurements were made 
on E l i c o c o n d u c t i v i t y b r idge type CM-82T. 
Syn thes i s of 5, 5-methylene b i s sa l i c y l aldehyde and i t s 
me ta l c n e l a t e s ; 
5 ,5-metnylene b is sa l i c y l a ldehyde was p r e p a r e d 
13 4 
by the method of Marvel e t a l ' . Each metal t e t r a -
c h l o r i d e (0 .01 M) and l i g a n d $ o l u t i o n s (0.02 M) were 
p r e p a r e d in 20 ml cftlcroforrn $nd s t i r r e d fo r 5 h r s . They 
were l e f t overn igh t wnich gave c o l o u r l e s s complexes. They 
',/ere f i l t e r e d , -</ashed with chloroform and d r i ed in vacuo. 
Al l man ipu la t ions were made irii dry box. 
S y n t h e s i s of Schiff base : 
5, 5-methylene b i s sa l i c y l a l dehyde (0.02 mol) 
taken in 20 :vl of ace tone .-as added ^o (C.Ol mol) hydra-
z i n e hydra te in methanol (50 rr|l) . The r e s u l t i n c mixture 
89 
was reflnxecl for 3 hr.s on Vv'ater ba th v/hich yieJded darK 
brown compound„ The so l id \jns f i I tered, washed with 
e the r and dr.ifd in vacuo. The compound remains s t a b l e 
even on e5:<T^osure t o a i r and mojstureo The r e a c t i o n 
involved i s outliru-d be i ow . 
CH. LH2JN-
1 
. 1 — 
' 1 
1 | H -
Lh 
N'HO 
u 1J 
- "n 0 | 
II 
-c- Qlc.&. 
- 2 H 2 0 
H - C 
OH OH H 
OLJO 
H 
C = N — N = C 
OH OH 
PUJQ C — H 
Prepar i ' t i CM uir the cc^ nm ' c :;cr> 
Metr-^ I t e t r ncii Lurioes (O.CM mol) d i s soJvea in 
2f; ml of C'Cl^  v;(_rf added t o the Schiff base (0.01 mol) 
d i s so lved in acetone^ A soli<4 was obta ined a f t e r s t i r r i n o 
iifl 
th(.> inixtxirc foi n} oul, 5 hrs^ 'I'hti coinp 1 c ::c'.s v.'t^ j c 
washed w i t h e t h e r and d r i f d In vncuoo 
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Results and Discussion 
The results of the elemental analysis of the 
iigand and the complexes are in agreement with their 
calculated composition. The cheJates appear to be 
thermally stable. The molar conductance of the complexes 
in DMSo is below the range of an uni-univalent electro-
lyte o 
IR Spectra: 
The IH spectrum of 5,5-methylene bis-calicylal-
dehyde is identical to an aldehyde and a hydroxy ketone 
as it contains both -OH and -CHO as functional groups. 
A very weak band observed at 3360 cm is due to phenolic-
OH which disappeared on complexation and a new band 
emerged at 1580 cm . This infers that complexes are 
formed by substitution of proton by metal ion. The C-0 
stretching frequency of the aldehydic group normally 
appears in 1740-1720 cm range , This is known that 
the y(C=0) is lowered while p(C-C) is onlianced after 
complexation ^ "^  . In the present case the (C-0) stre-
tching frequency has been found to be negatively shifte<3 
-1 -1 
to 1685 cm from its position at 1720 cm in the free 
Iigand (Table-11 ). It is thus concluded that both the 
phenolic as well as aldehydic CO are simultaneously Co-
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ordJiiatec3 t o t h e m e t a l r en t i e r J no i t o c t a h e d r a l o 
Some new abrsorp t ion bands obse rved i n t h e 
c o r \ p l t x e s i n 4b0-90(j cm"^ rancje have beer\ a t t r i b u t e d 
t o (M-C) s t r e t c h e s . . The (M-C) s t r e t c l i i n g f r ec iuenc i e s 
a p p e a r i n g a t 800, 900 , 4 5 0 , 660 and 620 cm ' have been 
a s s i g n e d t o S i , Ge, Sn, T i and Zr r e s p e c t i v e l y . These 
o b s e r v a t i o n s a r e i n consonance v^;ith t h o s e r e p o r t e d for 
136 1TR ? 139 M-0 s t r e t c h i n g f r e q u e n c y fo r orovp {IV) e lensen ts ' » " » ' 
The (M-X) s t r e t c h i n g f r e q u e n c i e s l i e i n t h e r a n g e (320-
A2A cm"'' ) . 
IR S p e c t r a of t h e ^ S c h ^ f b a s e : 
The Sch i f f b a s e d e r i v e d from 5 , 5 - m e t h y l e n e b i s 
s a l i c y l a l d e h y d e and h y d r a z i n e h y d r a t e shows a medium 
- 1 
a b s o r p t i o n band a t 3360 cm a s s i g n e d t o p h e n o l i c - CH 
which p e r s i s t s even a f t e r c o m p l e x a t i o n r u J J n g o u t t h e 
p o s s i b i l i t y of r e p l a c e m e n t of phcfiiolic hydrogen by 
m e t a l atom., A s t r o n g band a t 1315; cm ' i n t h e Sch i f f 
b a s e may be a s s i g n e d t o S OH(pheno l ic ) d e f o r m a t i o n o 
• • -1 
The (C-N) s t r e t c l i i n g f requer icy a t 1630 cm ' i n t h e 
J i g a n d i s lowered by abou t 12 cm ' i n d i c a t i n g t h e co-
o r d i n a t i o n t h r o u g h n i t r o g e n atom *^'o T h i s lower ing 
i n V (C=N) on c o m p l e x a t i o n may be a s c r i b e d t o a d e c r e a s e 
i n (C=IJ) bond o r d e r o The f a r IR r e g i o n of t h e s p e c t r a 
i s v e r y s i g n i f i c a n t a s i t i n c l u d e s t h e M-N and n - x 
^i1 
stretcheso The M-X absorption bands are stronoer and 
appear at lowei wave numbers as conpared to (M-N) 
absorption bands (Tabie-12). This suggests that the 
Schiff base is coordinated only through nitroocn atoms. 
An octahedral structure may, therefore, be proposed for 
the complexes. 
OH H H 
C= N — N = C 
OH 
— M -
/ \ 
X X 
H = Si(IV), Ge(IV), Sn(IV), Ti(IV) and Zr(IV)o 
Kinetic measurements ; 
In o rder t o study t h e k i n e t i c s of s o l v a t i o n and 
s u b s t i t u t i o n , m i l J i - m o l a r s o l u t i o n s of Schiff base comp-
lexes and nxic leophi les ; S0C1„ , C^H^COCl and HCl were 
prepared in DMSCc To examine t h e e f f e c t of s o l v a t i o n , 
conductance of t he complexes was measured immediateJy 
and a f t e r an i n t e r v a l of f ive minutes as a func t ion of 
t ime t i l . l i t became c o n s t a n t . A p l o t of molar conduct-
ance / \ . ^^^  v e r s u s t ime gave a curve (Fig„ io , i - i ) and ^ rem 
!I8 
o 
c 
o 
o 
D 
TD 
C 
O 
O 
5 
"o 
0 20 40 60 
Time (mm) 
Fig. 10 iviolar conductance t ime curve 
for N. 
( N > ^ " ^ ^ ^ 
in DMSO 
!13 
20 UO 60 
Time (min) 
Fig. 11 Molar conduc tance t ime 
cu rve for 
in DMSO. 
100 
the slope of the linear portion of this cuivo specific 
rate constant for solvation, K^ ^ and K323was calcul?ted. 
In another set of experiment solution of the 
micleophile and those of the complexes were mixed sepa-
rately in three different molar ratios. The conduct-
ance of each mixture was measured immediately and after 
successive ir\t€^ rvals of five miriutes for a per j od of 
one hour and finalJy after 24 hours to get the value of 
/\ , The increase in conductance v/as faster jn the 
00 
presence of a nucleophile than without<> The molar con-
ductance, /v. versus time curve for substitution v/as 
similar to that obtained for solvation, 
Cn plotting log pV. \'^^5^ ^ ^^l against time two 
linear portions were obtained for different mol^r ratios 
indicatino that both reactions follow first order 
klneticSo The specific rate constants, K, and K.; for-
^ 1 2 
s tepwise replacement of sch i f f base in t he conip 1 c:c v/ere 
c a l c u l a t e d from t h e slope of the f i r s t and second l i n e a r 
p o r t i o n of the cu rves FiOo 12, 13 using the method of 
121 122 140 two mutual ly i n t e r s e c t i n g l i n e s ' ' ' , 
The conductance of mi l J imola r s o l u t i o n of the 
complexes i n DMSO i n c r e a s e s with t ime . The c a l c u l a t e d 
va lues of the f i r s t order r a t e c o n s t a n t , K_jShow tha t 
11)1 
< 
8 
O 
1-8 
1-6 -
1-4 -
0-8 h 
0-6X-
20 30 40 
Time (min) 
Fig. 12 F i r s t o rder p lo t s for s u b s t i t u t i o n 
of SOCI2 'f^  d i f f e r e n t mo la r ra t i os 
for TN^ . 
11)2 
I 
8 
8 
<; 
O 
AO 50 20 30 
Time (min) 
^•9.13 F i rs t order p lo ts for subs t i t u t i on 
ot HCt in d i f f e ren t mo lar r a t i o s 
f o r 
( ^ . .>SnCl^ 
11)3 
it depends upon the original concentration of the complex. 
The participation of solvent, however, mc\kes it pseudo 
first order reactiono 
In order to explain these results the foJlov\?ing 
reactions leading to the formation of an ion pair involv-
ing DMSO are assumed to take place in the solution. 
During solvation the rate of increase in molar conductance 
value in the initial stage is very low (mechanism B) 
which may be exi^lained on tlie basis of the reaction (I) 
and (III) v;hiGh generate ionic specieSo 
CI 
CI 
c\ 
a 
ct, 
CI-
Cl 
M 
Cl 
CI 
M 
Cl 
M 
Cl 
N. 
N' 
N, 
N' 
J 
J 
Ks 
+ S 
{ solvent) 
+ S 
+ CI 
Cl 
Cl. 
Cl 
Cl 
Cl 
Cl 
M 
Cl 
Cl 
M 
Cl 
Cl 
M 
Cl 
-1 + 
N 
N 
+ CI 
•N 
N 
Cl 
( I ) 
( ID 
(III) 
( Mechanism 8 ) 
1114 
The replacein<-nit of the stronger nucloophile, 
(Cl" and Schiff base) by solvent (S) is due to mass 
effecto The addition of Schiff base, however, effects 
reaction (III) so that the consumption of chloride ion 
js suppressed in step (II) as a result of which the 
equilibrium is shifted in backv/ard direction in reaction 
(I)o Consequently, less ionic species are produced which 
decrease the rate of solvationo As the reaction (I) and 
(III) are fast, the reaction (IT) becomes the rate deter-
mining stepo 
The study of the kinetics of substitution of 
N 
, 41 by chloride ions generated by Schiff base in [( " ;-MCl 
nucleophilic reagents provider, the folloxi/ing reaction 
m e c h a n i s m ( C ) . 
CI 
CI 
Cl 
CI 
CI. 
CI 
Cl 
M 
Cl 
Cl 
Cl 
Cl 
N 
N 
( A ) 
M Cl 
M 
Cl 
(D ) 
.Cl 
•Cl 
/ ir ^ 
-, 2 
Cl 
Cl 
Cl 
Cl 
Cl 
M N ) 
Cl 
Cl 
) 
(B) 
.N 
M N 
^ C l 
Cl 
(C ) 
RCl : R 4 Cl 
+ + • 
R = CgHgCO , SOCI , H 
( Mechanism C ) 
1115 
The reaction o£ chloride ion with |^( ^^^  ;• J-lCl^  j 
may follow two paths 
(a) The first order dissociation of the Schiff 
base from the complex followed by rapid 
addition of cVilorlde ion, 
(b) The second path is a second order reaction 
with direct chloride ion attacJc followed 
by rapid addition of another chloride ion. 
However, in the present case it has been found 
•t 
to follow first order (SN ) reaction. 
The rate of increase in conductance during sub-
stitution indicates that the chloride ion is stronger 
nucleophile than ScJiiff base or the solvento The 
breaking of one of the two bonds in Schiff base complex 
by chloride ion resulting in the formation of RsnCl )•! 
as ultimate product, indicates an increjase in molar 
conductance of the solution as a function of time which 
attains a maximum value of conductance after 24 hrSo 
The pathway shown, hovjever, involves a trigonal bipyra-
midal intermediate . The dissociation (, J^ -^ lCl^  1 
t M- 5 1 
in step (C) seems to be faster than corresponding disso-
ciation in step (B) because of negative charge on the 
former which assists the breaking of metal Ijgand bond,, 
2-
1113 
Ta])1o-13 Rate constant I'or solvation and svibstItul Ion ol. tbr 
Schifi; base by chloride ion in the complexes. 
Complex :Nuc leop hi lie Ratio K^ K ^ K IC, 
reagents ^ _-1 ^ ^ ~1 ^ -1 ^ "1 
^ sec sec sec sec 
S i C l . o L : - - I x l O " ^ 1 o 2 x 1 0 " ^ 
S i C l ^ . L : S O C l , ^ ^ 1 : i 2 . 8 x 1 0 * ' ' ' ' l O o O x i o " ^ 
1 :2 2 . 7 x 1 0 " ^ 1 0 o i x 1 0~^ 
-^ - ? 
1 : l a r g e 2 „ 8 x 1 0 " 1 0 , 1 x i O ' 
, , :C^Hj-COCl 1 :1 2 o 3 x 1 o " ^ S . O x l o " ^ 
1 :2 2 o 3 x 1 0 " ^ S o O x l o ' ^ 
1 : l a i - g e 2 o 3 x 1 o " " ^ 4 ^ 9 x 1 0 " ^ 
»> : HCl 1 :1 2 o O x 1 0 ~ ^ 4 . 2 x 1 0 " ^ 
1 :2 2 . 0 x 1 0 ~ ' ^ 4 o 0 x i 0 " ^ 
1 : l a r g e 2 c O x 1 o " ^ 4 „ 2 x 1 0 ~ ^ 
G e Q l ^ . L - - 1 . 1 x 1 0 " ^ 1 . 2 x 1 0 " ^ 
G e C l ^ , L : S o C l 1 :1 2 o 8 x 1 0 ~ ^ l O o l x l o " 1 
1 .-2 2 . 8 x 1 0 " ^ l O o l x l o " ' ^ 
1 : l a r g e 2 o 9 x i o " ^ 1 0 „ 1 x 1 0 " ^ 
^-2 ,, . . _ . . - 2 
»» iC^H^COCl 1 :1 2 . 3 X 1 0 " ' ' 5 , 1 x 1 0 
1 :2 2 o 3 x 1 0 ~ ^ 5 . 0 x 1 0 " ^ 
1 . - l a r g e 2 0 2 x 1 0 " " ^ S o O x i o " ' ^ 
»» ''^^"^i ''••'' 2 0 0 x 1 0 " ^ 4 „ 0 x 1 0 " ' ' -
"I -'^ 2 o 0 x 1 0 ~ ^ 4 „ 1 x 1 0 " ' ^ 
1 : l a r g e 2 o O x l O " ^ 4 „ 0 x 1 0 ~ ' ^ 
S n C l ^ o L - - 1 . 0 x 1 0 * ^ 1 o 2 x 1 0 " ^ 
S n C l ^ o L : S O C l ^ ^ 1 : 1 2 . 8 x 1 o " 2 l O o l x l o " ^ 
^ -2 2 o 8 x 1 0 ~ ^ l O . l x l O ' ^ 
'' : l ^ r g e 2 , 8 x l 0 ~ ^ l O . l x l O " " 
11)7 
S n C l . oL:C^IUCOCl 4 6 5 
» > :HCi 
Z r C l . 
1 :1 
1 :2 
1 : l a r g e 
1 :1 
1 :2 
1 : l a r g e 
,~2 
1 o1x lO~^ 1 , 2 x 1 0 
Z r C l ^ o LrSOCl , 
, , :C.H^C0C1 
, , ;HC1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
:1 
: l a rge 
:1 
:2 
: la rge 
:1 
:2 
: l a rge 
2 . 3 x 1 0 
2 02x10""^ 
2 o 3 x l 0 " " ^ 
2<.OxiO~^ 
2 , 0x1 0~ ^ 
1 . S x l O " " 
0 - 3 
2 o S x 1 0 ~ ^ 
2 o 0::1 o " ^' 
2 o B x l 0 ~ ^ 
2 . 3 x 1 0 " ^ 
2 , 2 x 1 0 ~ ^ 
2 o 3 x 1 0 " ^ 
2 . 0 x 1 0 " ^ 
2o0x10""'^ 
2 . 0 x 1 0 " ^ 
5 0 0x10 
5 . 0 x 1 0 
5 , 1 x 1 0 
4^0x1 0 
4 o 1 x1 0 
4 o 1 x1 0 
1 0 o 0x1 0 
1 0 .1 x1 0 
1 0 .1 x1 0 
5 . 0 x 1 0 
5 . 0x1 0 
5o0x10" 
4 „ 0 x 1 0 " 
4o2x10 ' 
4o2x10" 
- 2 
- 2 
- 2 
- 2 
- 2 
- 2 
- 2 
- 2 
- 2 
- 2 
- 2 
- 9 
- 2 
i i l 8 
Hov7oV(>r , an oqm'l i lir i uia poit i l in nt.l a 1 iiC'ti .ifLci A"^ hi r, ^ 
Fron t h e c a l c u l a t i o n of s p e c i f i c r a t e c o n s t a n t , Tab l e -13 
K. and K„ i t h a s been found t h a t i t i s i n d e p e n d e n t of 
t h e c o n c e n t r a t i o n a s w e l l a s t h e mola r r a t i o S o 
The d i s s o c i a t i o n of [( ^,^- ' I i " s t e p (D) i s a slow 
p r o c e s s and hence i t i s r a t e d e t e r m i n i n g s t e p . The f i r s t 
o r d e r p l o t s c o n s i s t of two i n t e r s e c t i n g s t r a i g h t l i n e s 
s u g g e s t i n g t h a t t h e r e a r e two d i f f e r e n t r a t e d e t e r m i n i n g 
s t e p s , t h e f i r s t s t e p c o r r e s p o n d s t o r e a c t i o n (B) and 
second t o r e a c t i o n ( C ) . 
From t h i s s t u d y i t h a s been conc luded t h a t t h e 
r a t e of s u b s t i t u t i o n i s f a s t e r t h a n t h e r a t e of s o l v a t i o n o 
Both t h e r e a c t i o n s f o l l o w SN mechanism and t h e n u c l e o -
p h i l i c r e a g e n t s may be a r r a n g e d i n decr -eas inq ordei- of 
t h e i r r a t e c o n s t a n t s , K. and ic , , 
S0C1„ > C^lUCOCl > HCl 2 6 5 
£- IL.^ P T E R VI 
Synthesis, Characterization, Fungicidal 
and Insecticidal studies of group(IV) 
metal chloride Complexes with some 
novel spirothiazolidinones. 
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Synthesis, Characterization, fungicidal and insectl-
cidal studies of group (IV) meta 1 chloride Cornplexe^ 
with some novel spirothiazolidinones. 
Experimental 
Materials and Methods; 
Benzophenone, methyl pentyl ketone, mercapto-
acetic acid, ammonium carbonate(Fluka AG) acetophenone, 
ethyl methyl ketone, benzene, SiCl^, SnCl^, TiCl^, 
ZrCl.(BUH), GeCl^(Koch Light) were used as sucho The 
IR Spectra 250-4 000 cm ' were recorded on a Beckman 
spectrophotometer as KBr disc and nujol mull. The NMR 
spectra were recorded on Varian A60 D„ The conducti-
vity measurements were made on Elico conductivity 
bridge type CM-82T. The molecular weights were deter-
mined by viscosity method. 
Synthesis of spirothiazolidinone ; 
A mixture of ketone (OoOb mol), mercaptoacetic 
acid (0ol4 mol) and ammonium carbonate (0o15 mol) 
dissolved in dry benzene was continuously refluxed 
for 60 hrs. This homogeneous solution was washed 
thrice with water, 1M NaOH and finally with water 
again. The organic layer containing benzene 
110 
s o l u t i o n was d r i e d over anhydrous sodium su lpha te 
and subsequent ly the so lven t was removed under 
reduced p r e s s u r e . 
P r e p a r a t i o n of the comi3^exe£: 
Benzophenone- 0.002 mol (BZS);, acetophenone-
(ACS) , e t h y l methyl Ketone- (EMS) and methyl pen ty l 
ke tone s p i r o t h i a z o l i d i n o n e (MPS) d i s so lved in e thanol 
were mixed with 0.001 mol of .MX^(Mssi(IV ) , Ge(IV), Sn(IV), 
Ti( IV) and Zr(IV) and X=C1) in carbon t e t r a c h l o r i d e . 
The mixture was s t i r r e d con t inuous ly for 4 8 hours a t 
room tempera ture and l e f t o v e r n i g h t , I t y ie lded 
c r y s t a l l i n e complexes of d i f f e r e n t c o l o u r s . 
Tox ic i ty 
In order to examine the toxicity of thiazoli-
dinones and their complexes experiments were done on 
common insects found near human dwellings like hovise-
flies and cockroaches. The specimens were reared in 
different cages under laboratory conditions. Same 
number of insects (10) were fed on the compounds(8-12 
ppm) mixed In a palatable base (powdered milk f< sugar). 
Five sets of experiments were carried out along with 
a control. 
HI 
To study the fungicidal property of the 
compounds experiments were done on AspergilJus flavus 
Aspergillus niger and Alternnria pori. The specimens 
were treated with varying concentration of the compounds 
(1-2%) and compared with the untreated set under the 
same experimental conditions. The % inhibition in 
growth was calculated using the expression 
% inhibition = • ^ "^ " x 100 
where C = diameter of fungus colony in control 
T = diameter of treated fungus colony after 96 
hours. 
It?, 
Resu l t s and Discuss ion 
The s y n t h e s i s of t he t h i a z o l i d i r i o n e s 
i n v o l v e s the fol lowing s t e p s . 
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The complexes a re formed in 1 :2 MX^  : thir i2ol-
id inone r a t i o which has been supported by e lementa l 
a n a l y s i s and molecular weight de t e rmina t i on (Table-14) . 
NMR spec t r a ; 
The p ro ton NMR spec t r a o£ t h i a z o l i d i n o n e s 
were recorded i n d e u t e r a t e d DMSO . The S va lues obtained 
for v a r i o u s groups(Table-15) support t h e proposed s t r u c -
t u r e of t h e l i g a n d . A s i n g l e t i s observed i n 3.60-3o75S 
range i n a l l t h i a z o l i d i n o n e s which a re due t o CH p r o t o n s . 
A t r i p l e t and a q u a r t e t a re observed i n the case of EMS 
a t 1.8 § and 2,2 n? r e s p e c t i v e l y corresponding t o CH -CH 
p r o t o n s of e t h y l group. However, methyl , phenyl , pen ty l 
groups show s i n g l e t from 0.96 t o 1 o 6 ^ , 7 . 3 ^ - 7 o 6 b 
and 1 .6^ r e s p e c t i v e l y . 
IR spec t r a 
10*5 126 l4l It has been reported ' * that all the 
three donor sites in spirothiazolldlnones may not be 
coordination active for steric reasons. In all the 
thiazolidinones under consideration a strong broad band 
-1 
appearing in 3160-3180 cm region has been assigned to 
•^?(N-H). This band completely disappears on coordina-
tion as a consequence of the replacement of hydrogen as 
HCl from NH group by metal. This is supported by 
quantitative analysis of chlorine as AgCl in the complexes 
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w h i c h c o r r e s p o n d s t o t h e n m i b e r o f t h e l i g a n d s . The 
C-G S t r e t c h i n g f r e q u e n c y a t 700J^5 cm a s a weak 
a b o r p t l o n band d o e s n o t s i g n i f i c a n t J y a l t e r s i t s p o s i -
t i o n on c o m p l e x a t i o n . I t i s an e v i d e n c e of non i n v o l v e -
m e n t of S a tom i n c o o r d i n a t i o n . M o r e o v e r , t h e g r o u p ( I V ) 
m e t a l c h l o r i d e s b e i n g h a r d a c i d s a r e n o t v e r y s u s c e p -
t i b l e t o c o o r d i n a t i o n t o t h e s u l p h u r a tom a c t i n g a s a 
s o f t b a s e . The ^>(C=0) g e n e r a l l y d e c r e a s e s a f t e r comp-
l e x a t i o n *" w i t h a c o n s e q u e n t i n c r e a s e i n V(C-N)« 
C o n v e r s e l y , V(C-N) d e c r e a s e s on c o o r d i n a t i o n f o l l o w e d 
by an i n c r e a s e i n Y > ( C = 0 ) . T h e r e i s v e r y l i t t l e n e g a t i v e 
s h i f t i n t h e p r e s e n t c a s e i n vMc=0) and V ( c - N ) b e c a u s e 
t h e s u b s t i t u i o n and c o o r d i n a t i o n o c c u r s i m u l t a n e o u s l y . 
The l i n k a g e t h r o u g h c a r b o n y l o x y g e n c a u s e s a s m a l l n e g a -
t i v e s h i f t ( T a b l e - 1 6 ) a s a c o n s e q u e n c e o f a d e c r e a s e s i n 
C=0 d o u b l e bond c h a r a c t e r . I n a d d i t i o n , a band p e r s i s -
ts -1 
t e n t l y a p p e a r i n g a t 1660 cm ' i n b o t h t h e l i g a n d and t h e 
c o m p l e x e s i s t e n t a t i v e l y s u g g e s t e d t o be d u e t o t l i e 
c o u p l i n g of ' -^(C-0) w i t h V ( C - N ) . Such t y p e o f c o u p l i n g 
h a s a l s o b e e n o b s e r v e d i n u r e a s ' ' and t h e i r d e r i -
v a t i v e s . Some new b a n d s o b s e r v e d i n t h e c o m p l e x e s h a v e 
b e e n found t o be m i s s i n g i n t h e U g a n d a They h a v e b e e n 
a s c r i b e d t o V ( M - N ) . The • J ( M - C l ) ( T a b l e - 1 6 ) s t r e t c h i n g 
f r e q u e n c i e s a l s o l i e n e a r t h i s r e g i o n b u t t h e y a r e n o t 
s h a r p . I t i s c l e a r f rom t h e s e s t u d i e s t h a t o f t h e t h r e e 
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4 0 5-0 
Probits 
6-0 7-0 
125 
coordination sites only nitrogen and carbonyl oxygen 
coordinate to metal atom. In no case sulphur atom 
has been claimed to be coordination active under our 
experimental conditions, 
.69 
Thiazolidi nones have been reported to 
possess pesticidal, miticidal, insecticidal, fungi-
cidal, antibacterial and amoebicidal activities which 
are probably due to the presence of N-C=S group. In 
view of these properties the spirothiazolidinones 
and their metal derivatives characterized under this 
project were tested for their insecticidal and fungi-
cidal activities. The % mortality of houseflies and 
cockroaches obtained after 24 and 96 hours is used to 
evaluate LD^Q" ^or this purpose the % mortality data 
was transformed into probit, A plot of log concentration 
in ppm versus % mortality gave a sigmoid curve, the 
slopes of which yielded different values for LD,^, The 
50 
data pertaining to % kill of houseflies and cockroaches 
were, therefore, transformed into probit and plotted 
against log concentration in ppmx100 which gave a 
straight line (Fig 14,15). A perpendicular drawn from 
probit 5 corresponds to 50.^ mortality (Table-1 7,1 8) . On 
the basis of the mortality data the thiazoljdinones may 
be arranged in the descending order of their toxicity. 
BZS ) EMS •':^ MPS y ACS 
!/;8 
E 
o. 
o 
in 
Q 
11 h 
10 h 
9h 
8 h 
7h 
BZS ACS EMS 
MPS 
{ SPIROTHIAZOLIDINONE ) 
FIG. 16 THE RELATIVE TOXICITY OF VARIOUS 
SPIROTHIAZOLIDINONES FOR HOUSE-
FLIES AND COCKROACHES-
l:.^? 
A plot of- various compounds against thejr 
lethal dozes (Fig,i6) shows the relative toxicity of 
the compounds on houseflies and cockroaches. It is 
evident that B<::iS is more toxic to cockraoches in 
lower concentration than for houseflies. It may be 
due to the faster absorption of the compound through 
salivary glands in cockroaches than in houseflies, 
which inhibits all the vital functions causing death. 
All the spirothiazolidinones and their comiDle>KS have 
been screened for their antifungal activities. It 
has been noted that the compounds containing methyl 
group cause an increase in fungicidal activity (Table-19) 
The fungitoxicity of the thiazolidinone follows the 
order 
Acs ) EMS "^ MPS y BZS 
which is exactly reverse to that found for houseflies 
and cockroaches. However, it is worth mentioning that 
the toxicity of thiazolidinones is enhanced after 
complexation though their order remains unaltered« 
Thus it is concluded that B2S and AcS are the most 
effective for insects and fungi respectively. 
\?J 
Table-19 % growth i n h i b i t i o n of funqi (a) A. flr>vus 
(b) A. n i g e r (c) A l t e r n a r i a Po r i by sp l ro -
th i azo l ld lnones /Complexes . 
Li g a nd/Complex 
(a) EMS/Complex 
MPS/Complex 
ACS/Complex 
1 
BZS/Complex 
(b) EMS/Complex 
MPS/Complex 
ACS/Complex 
BZS/Complex 
(c) EMS/Complex 
MPS/Complex 
ACS/Complex 
BZS/Complex 
Concentration 
... yo 
1 
1 o5 
2 
1 
1 o5 
2 
1 
1.5 
2 
1 
1 o5 
2 
1 
1.5 
2 
1 
1.5 
2 
1 
1o5 
2 
1 
1.5 
2 
1 
1 .5 
2 
1 
1 o5 
2 
1 
1 o5 
2 
1 
1.5 
2 
^ inhibition 
50/54 
53/56 
5 8/60 
48/50 
50/52 
54/5 6 
55/57 
58/60 
60/62 
49/52 
50/53 
54/5 6 
51/53 
54/56 
58/60 
49/51 
50/53 
55/57 
54/5 6 
57/59 
59/61 
49/51 
52/54 
54/5 6 
50/52 
53/55 
56/60 
4 7/4 9 
50/52 
53/55 
54/5 6 
5 8/5 9 
59/61 
4 8/5 2 
50/53 
54/56 
C H A P T E R V I I 
C h a r a c t e r i z a t i o n and t o x i c i t y of 
d i t h i o c a r b a m a t e s of group (IV) 
e l e ments. 
izi) 
Chr-jracterization and t o x i c i t y o£ d i t h i o c a r b a n n t e s 
of group(IV) e l e m e n t s . 
Expe r iment a1 
M a t e r i a l s and method : 
N-phenyl -y-naphthylamine (I) , benzi<iine (11) , 
2-aminobenz:othia2ole ( I I I ) , 2 ,4 - to lyLene diamine (IV) 
(Analar ) , carbon d i s u i p h i d e , S iCl^ , SnCl^ , TiCl^ , '-^ irCl^  
(DUH) , GeCl. (Koch l i g h t ) and DMF (Sisco) were used as 
such. The IR-, NMR Spec t ra , conductance measureiaents 
and molecular weights were determined by t h e method 
g iven in preceding c h a p t e r s . 
Syn thes i s of t he complexes: 
A metal d i t h ioca rbama te may conven ien t ly bo 
syn thes ized by one of the fol lowing two r o u t e s . 
( a ) By r e p l a c e m e n t r e a c t i o n 
RNH-CS^- Na + MCl^ (R-NCS )^M + 4NaCl 
(b) By i n s e r t i o n r e a c t i o n 
4RNH + 4CS^ + MCl^ (RNCS )^ + 4 HCl 
Attempts were made to synthesize the metal 
dithiocarbamates by both the processes but as the 
first method gives very poor yield the second method 
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was einpioyed. A mixtu ie oi an app rop r i a t e amine, 
carbon d i s u l p h i d e and metal t e t r a c h l o r i d e were taken 
in e thano l in 4 :4 :1 molar r a t i o in a con i ca l f l a s k . 
I t was s t i r r e d v igo rous ly at room tempeia tu re for 
about 5 hours and allowed t o s tand overn igh t when a 
so l i d was o b t a i n e d . i t was f i l t e r e d , washed and dr ied 
in vacuo. 
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Results and Discussion 
The analytical data of the compounds and the 
melting points are summarized in the (table-20). The 
- 3 
molar conductance of 10 M solution of the compounds 
in ethanol indicated them to be non electrolyte. 
NMR spectra : 
The pro ton NMR spectrum of the f ree d i t h i o c a r -
bamates de r ived from v a r i o u s amines have been recorde<i 
in d e u t e r a t e d DMSO. Their s p e c t r a have been compared 
wi th t he parent - compounds. i t i s known t h a t in 
secondary and pr imary amines t he NH proton s i g n a l s are 
dependent on t}ie ex ten t of exchange, r a t e . If the r a t e 
of exchange i s slov/ the NH p r o t o n s decoupled from the 
n i t r o g e n atom and the CH p r o t o n s . I t , hov/ever, g ives 
a broad s i n g l e t . In t he x^r^^ent work t h e sodium d i t h i o -
carbamates der ived from v a r i o u s amines shov/ed only a 
s i n g l e t cor responding t o NH pro ton in 3-5 ,^  region 
except in N-phenyl-<=>< - naphthylamine d i th iocarbania te in 
suppor t ing the s t r u c t u r e of d i t h i o c a r b a m a t e s . The r e -
sonance s i g n a l due t o phenyl p r o t o n s in a l l d i t h i o c a r -
bamates l i e s in the range 6 .8 -7 .6 oi whi le the s igna l 
fo r methyl p r o t o n s in the case of 2 , 4 - t o l y l e n e diamine 
d i th ioca rbama te appears a t 4o'5 oi 
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IR s p e c t r a : 
The d i t b i o c a r b a m a t e s may be roughly c lasrs i f ie ' i 
i n t o two t y p e s I and i i . 
^ N C \ : ' M N ^ ^ " C ^ . • ' 
R-"^ ^ S-^ R ' ^ S' 
I II 
Bldentate or symmetrical Unidentate or unsyrnmetrlcal 
The one acting as symmetrical dithiocarbamate 
- -] 
exhibits only one band at 1000 cm whereas the uni-
dentate dithiocar-bamato group shov/s two closely spaced 
bands around 1000 jf 70 cm as has been observed in 
several cases ' , If the region of CS^ absorption 
is not coupled or overlapped by any other band, the 
14 7 
crite;rion of Bonati and Ugo ubiquitously and flaw-
lessly suits to determining the nature of dithiocarba-
mate group chelated. in our case two absorption bauds 
-1 (Table-21 ) in 1000 •*_ 70 cm region have been observed 
which is essentially owing to the splitting of C-S band. 
The third band is far below the range of \i (C=S). It 
-1 is believed that one of the two bands in 1000 + 70 cm 
is due to symmetrical dithiocarbamato group which is 
overlapped with the split band assignable to unsymme-
trical dithiocarbamate. It is, therefore, tempting to 
1?.5 
T a b l e - 2 1 IP. S p e c t r a o f d i t h i o c a i - b a m a t e c o m p l e x e s and t h e i r 
a ss ign in iaen t s . 
y(C^^^'S) ^,(c--^-K) ^(M - S) 
(C^^H^2NCSS)Na 1000 (s) 1440 (s ) 
^ S 6 " l 2 ^ ^ ^ ^ ^ 4 ^ ^ ""O^O ^^^ '•'^^0 (s) 540 (s) 
930 (m) 
^S6"l2^^^^^4*^® ""^ '^ O ^^) '•'^'^5 <s) 3 5 b ( m ) 
930 (m) 
^ ^ 1 6 " l 2 ^ ' ^ ^ ^ ^ 4 ^ " ""^^^ "^^ ^ """^^O (s ) 380 (m) 
930 (m) 
(C^.H NCSS)^Ti 1000 (s) 1470 (s) 375 (s) 
930 (m) 
^ ^ 1 f , " l ? " ^ ^ ^ ^ 4 2 ^ ""OOO (s) 1460 (s) 360 (s) 
930 (m) 
(C^H^N2SCSS)Na 1000 (s) 1440 (s) 
(C^H N ScSS)4Si 1000 (m) 1450 (s) 545 (m) 
930 (m) 
(C^H N SCSS) Ge 1000 (m) 1450 (s) 355 (m) 
930 (m) 
(C H N^SCSS) Sn 1000 (s) 1440 (s) 380 (m) 
930 (m) 
(C H N^SCSS) Tl 1000 (m) 1450 (s) 370 (m) 
930 (m) 
(C7H5N2SCSS) Zr 1000 (m) 14 60 (s) 360 (m) 
930 (m) 
^^2^11^2*^^^^^^ 1000 (s) 1440 (m) 
^^2^11^2^^^^^^ ^0^° <s) 1450 (m) 540 (s) 
930 (m) 
^S2"l1^2^^^^4^® ""OOO (ni) 1455 (m) 350 (m) 
930 (m) 
^S 2^11^2 ^ ^ ^ ^ 4 ^ " ""OOO ("1) 1460 (m) 380 (m) 
930 (m) ^^ 
_ o „ 
l:{t) 
-V>(C ^^^^ S) 7 ; ( c - - ^ N ) •Zy(M - S ) 
^ S 2 " l 1 ^ 2 ^ ^ ^ ^ 4 T ^ -
^ S 2 " l 1 ^ 2 ^ ^ ^ ) 4 2 ^ 
(C^HgN2CSS)Na 
( C ^ H g N 2 C S S ) ^ S i 
( C ^ H g N 2 C S S ) ^ G e 
( C ^ H g N 2 C S S ) ^ S n 
( C ^ H g N 2 C S S ) ^ T i 
( C ^ H g N 2 C S S ) ^ i d r 
1 0 0 0 (m 
9 3 0 (m 
1 0 0 0 (m 
9 3 0 (m 
1 0 0 0 ( s 
1 0 0 0 ( s 
9 3 0 (m 
1 0 0 0 (m 
9 3 0 (m 
1 0 0 0 (m 
9 3 0 (m 
1 0 0 0 (m 
9 3 0 (m 
1 0 0 0 (m 
9 3 0 (m 
14 50 (m) 
14 60 (m) 
1 4 4 0 ( s ) 
1 4 5 0 ( s ) 
1 4 60 (m ) 
1 4 5 ^ ( s ) 
1 4 5 0 ( s ) 
1 4 6 0 ( s ) 
3 70 (m) 
3 65 (m) 
535 (s) 
350 (s) 
385 (s) 
375 (s) 
360 (s) 
m 
assume t h a t t he m e t a l s may be h e x a c o o r d l n a t e d a l t h o u g h 
an o o t a c o o r d i n a t e d g roup( IV) m e t a l i s n o t u n p r e c e d e n t e d 
The v (C=S) i s v e r y s e n s i t i v e t o t h e n a t u r e of t h e 
o r g a n i c s u b s t i t u e n t s on t h e m e t a l w h i l e jj (C=N) i s 
1 1 t'-l <> 
a l m o s t u n a f f e c t e d . The i n f r a r e d s p e c t r a oi m e t a l d e r i -
v a t i v e s of N,N- d i a l k y l d i t h J o c a r b a m a t e s have been 
s t u d i e d e x t e n s i v e l y . They e x h i b i t V(C=N) band a t 
-1 h i g h e r wave number (1600-1450 cm r e g i o n ) t h a n i n a 
c o r r e s p o n d i n g d i t h i o c a r b a i n a t e c o n t a i n i n g h e t e r o c y c l i c 
147 i-ing . I t i s p r o b a b l y due t o g r e a t e r e l e c t r o n i c p u l l 
t o w a r d s CS group t h r o u g h n i t r o g e n atom i n a h e t e r o c y -
c l i c s y s t e m . In o u r c a s e we have o b s e r v e d t h e V (C-N) 
i n (1440-14 90 cm ) r a n g e which i s lower t h a n ca rbon 
n i t r o g e n d o u b l e bond ( i690 -164 0 cm ) bu t h i g h e r t h a n 
c a r b o n - n i t r o g e n s i n g l e bond(1360-1250 cm ) , A s t r o n g 
b road band i n 32 88-34 80 cm r a n g e e x h i b i t e d by 2-
a m i n o b e n z o t h i a z o l y l - , 2 ,4 t o l y l e n e d i a m i n e - and b e n z i -
d i n e d i t h i o c a r b a m a t e h a s been a s s i g n e d t o V (N-H) w h i l e 
t h e i r (N-H) d e f o r m a t i o n bands a p p e a r i n 1650-1630 cm 
r e g i o n . A f t e r c h e l a t i o n of t h e d i t h i o c a r b a m a t e s w i t h 
g roup (IV) e l e m e n t s t h e (N-H) s t r e t c h i n g f r e q u e n c y d o e s 
n o t s h i f t from i t s p o s i t i o n showing t h e non invo lvemen t 
of n i t r o g e n i n c o o r d i n a t i o n . In t h e f a r IR r e g i o n t h e 
],^(M-S) a r e o b s e r v e d i n 4 00-300 cm" ^ . 
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T o x i c i t y of D i t h i o c a r b r i i n a t e s 
The t o x i c i t y of v a r i o u s d i t b i o c a r b a m a t e s i s 
5fi 151 I ' l ? d u e t o t h e p r e s e n c e of CS q r o u p ' ' . To e x a m i n e 
t h e i n s e c t i c i d a l a c t i v i t i e s of t h e i n d i v i d u a l d i t h i o -
c a r b a m a t e s and t h e i r m e t a l d e r i v a t i v e s e x p e r i m e n t s 
w e r e c a r r i e d o u t on h o u s e f l i e s ( M u s c a d o m e s t i c a n o b u l o ) 
and c o c k r o a c h e s ( P e r i p l a n e t a a m e r i c a n a ) . Ten i n d i v i d u a l s 
w e r e t a k e n i n f i v e s e t s and f e d on t h e c o m p o u n d s ini;'.(^fj 
i n a p a l a t a b l e b a s e i n v a r y i n g c o n c e n t r a t i o n s ( 8 - 1 2 ppm 
w / w ) . A c o n t r o l s e t was a l s o r u n s i m u l t a n e o u s l y and 
t h e t e s t i n s e c t s w e r e k e p t u n d e r c o n s t a n t o b s e r v i L l o n . 
F u n c j i t o x i c i t y was a l s o d e t e r m i n e d i n an e x p e r i m e n t 
a g a i n s t f u n c j i . 
The % m o r t a l i t y o f t h e i n s e c t s was p l o t t e d 
a g a i n s t c o n c e n t r a t i o n i n ppm(w/w) w h i c h g a v e a s i g m o i d 
c u r v e . S i n c e i t was n o t a s t r a i g h t l i n e t h e d a t a 
p e r t a i n i n g t o p e r c e n t a g e k i l l w e r e t r a n s f o r m e d i n t o 
p r o b i t w h i c h w e r e p l o t t e d a g a i n s t Log c o n c e n t r a t i o n i n 
ppmxiOO. A p e r p e n d i c u l a r drav/n f rom p r o b i t 5 y i e l d s 
L£)c_ ( F i g . 1 7 , 1 8 ) . P r o b l t v a l u e s w e r e a l s o d e r i v e d from 
1 53 t h e f o l l o w i n g e q u a t i o n 
Y = a + bx 
Y = p r o b i t k i l l 
a = cons t an t 
b = s lope 
x = d o s a a e / c o n c e n t r a t i o n 
10 
i:!9 
Probit k i l l cu rve (K) AMdtc complex 
(L) Na AMdtc f o r house f l i es 
o 
o 
r— 
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Prob i t b i l l curve (I ) NPdtc complex 
(J) No N P d t c f o r house f l i es 
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7-0 
Fig. 17 
lii 
110 r 
X 
E 
a 
a 
Probit k i l l curve (M) Tcdtc complex 
(N) Na Tcdtc for cockroaches 
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Fig. 18 
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¥ a b l e - 2 2 % M o r t a l i t y of h o u s e f l i e s , c o c k r o a c h e s and c o r r e s p o n d i n g 
c o n c e n t r a t i o n of d i t h i o c a r b a m a t e s c o m p l e x e s . 
Ldgand/Complex log conco % m o r t a l i t y P r o b i t 
i n l i g a n d / v a l u e 
ppmxl00 complex 
ID^Q i n ppm 
l i g a n d / 
complex 
Na.NPdtc/Complex 
Na o AMdtc/Complex 
Na.MBdtc/Complex 
Na.TCdtc/Complex 
Na,MPdtc/Complex 
Na.AMdtc/Complex 
Na.MBdtc/Complex 
NaoTCdtc/Complex 
2 o P 0 
2 , 9 5 
3 « 0 0 
3 o 0 4 
3 « 0 7 
2 o 9 0 
2 „ 9 5 
3 o 0 0 
3 . 0 4 
3 . 0 7 
2 o 9 0 
2 o 9 5 
3 o 0 0 
3 o 0 4 
3 . 0 7 
2 . 9 0 
2 . 9 5 
3 . 0 0 
3 . 0 4 
3 . 0 7 
2 c 9 0 
2 o 9 5 
3 o 0 0 
3 o 0 4 
3 . 0 7 
2 . 9 0 
2 o 9 5 
3 . 0 0 
3 . 0 4 
3 o 0 7 
2 . 9 0 
2 o 9 5 
3oOO 
3 . 0 4 
3 . 0 7 
2 o 9 0 
2 . 9 5 
3oOO 
3 . 0 4 
3 o 0 7 
HOUSEFLIES 
2 0 / 3 0 
3 0 / 4 0 
4 0 / 5 0 
6 0 / 6 0 
8 0 / 8 0 
2 0 / 2 0 
3 0 / 4 0 
4 0 / 6 0 
5 0 / 7 0 
7 0 / 8 0 
1 0 / 3 0 
2 0 / 4 0 
3 0 / 6 0 
4 0 / 8 0 
6 0 / 1 0 0 
1 0 / 3 0 
2 0 / 4 0 
3 0 / 6 0 
4 0 / 8 0 
6 0 / 1 0 0 
4 o 1 5 8 4 / 4 . 4 7 5 6 
4 . 4 7 5 6 / 4 . 7 4 6 7 
4 . 7 4 6 7 / 5 . 0 0 0 0 
5 . 2 5 3 3 / 5 . 2 5 3 3 
5 . 8 4 1 6 / 5 . 8 4 1 6 
4 . 1 5 84 / 4 o 1 5 84 
4 . 4 7 5 6 / 4 . 7 4 6 7 
4 . 7 4 6 7 / 5 . 2 5 3 3 
5 . 0 0 0 0 / 5 . 5 2 4 4 
5 . 5 2 4 4 / 5 . 8 4 1 6 
3 . 7 1 8 4 / 4 o4 7 56 
4 . 1 5 8 4 / 4 . 7 4 6 7 
4 . 4 7 5 6 / 5 , 2 5 3 3 
4 . 7 4 6 7 / 5 . 8 4 1 6 
5 . 2 5 3 3 / -
3 , 7 1 8 4 / 4 . 4 7 5 6 
4 . 1 5 8 4 / 4 . 7 4 6 7 
4 . 4 7 5 6 / 5 . 2 5 3 3 
4 . 7 4 6 7 / 5 . 8 4 1 6 
5 . 5 2 3 3 / -
COCKROACHES 
2 0 / 3 0 
3 0 / 5 0 
5 0 / 6 0 
6 0 / 8 0 
8 0 / 1 0 0 
3 0 / 5 0 
4 0 / 6 0 
5 0 / 7 0 
6 0 / 8 0 
8 0 / 1 0 0 
2 0 / 3 0 
3 0 / 4 0 
4 0 / 5 0 
5 0 / 6 0 
6 0 / 7 0 
2 0 / 3 0 
3 0 / 4 0 
4 0 / 5 0 
5 0 / 6 0 
6 0 / 8 0 
4 . 1 5 8 4 / 4 . 4 7 5 6 
4 . 4 7 5 6 / 5 . 0 0 0 0 
5 . 0 0 0 0 / 5 . 2 5 3 3 
5 . 2 5 3 3 / 5 . 8 4 1 6 
5 . 8 4 1 6 / -
4 . 4 7 5 6 / 5 . 0 0 0 0 
4 . 7 4 6 7 / 5 . 2 5 3 3 
5 . 0 0 0 0 / 5 . 5 2 4 4 
5 . 5 2 3 3 / 5 . 8 4 1 6 
5 . 8 4 1 5 / -
4 . 1 5 8 4 / 4 . 4 7 5 6 
4 „ 4 7 5 6 / 4 o 7 4 6 7 
4 . 7 4 6 7 / 5 . 0 0 0 0 
5 . 0 0 0 0 / 5 . 2 5 3 3 
5 . 2 5 3 3 / 5 . 5 2 4 4 
4 , 1 5 8 4 / 4 . 4 7 5 6 
4 . 4 7 5 6 / 4 . 7 4 6 7 
4 . 7 4 6 7 / 5 , 0 0 0 0 
5 . 0 0 0 0 / 5 . 2 5 3 3 
5 . 2 5 3 3 / 5 . 8 4 1 6 
1 0 . 
10< 
11 , 
1 1 , 
1 0 , 
1 0 , 
10< 
1 0 . 
. 4 7 / 1 0 
, 9 6 / 9 . 5 5 
, 2 2 / 9 . 7 7 
, 2 2 / 9 . ' / / 
0 0 0 / 8 . 9 1 
, 0 0 / 7 . 9 4 
, 9 6 / 1 0 . 0 
, 9 6 / 1 0 . 0 
\a 
Y - Y 2 1 
Emperically, b = -— ~-
a = Y^  - bx^ 
= Y2 - bx2 
It is evident from l£>rQ values (Table-22) that 
the dithiocarbamates are less toxic than their tnetnl 
derivatives. The toxicity decreases in the order 
AMdtc > NPdtc ) MDdtc -^  TCdtc 
The fungitoxicity of the dithiocarbarnate and 
their metal derivatives has been evaluated (Table-23). 
Experiment was done on common fungi viz. Ao flavus, Ao 
niger and A. pori. They were treated with three 
different concentrations of dithiocarbarnate viz., 1 ,^ 
1»5 % and 2 %» The area of the fungus colony in the 
control and the treated set was measured after 96 hours. 
All the compounds tested against fungi appeared to be 
growth inhibitor precluding the formation of spores and 
further development of the fungus colony. It is worth 
mentioning that the order of toxicity of the compounds 
for insects is different from that observed for fungi. 
It follows the order 
NPdtc I AMdtc -^ MBdtC d TCdtc 
i'l3 
Tfibie-23 ^ i n h i l j i t i o n d a t a of d l i ,h j ocarlv^mate compJexes of 
q r o u p ( I V ) m e t a l h a l i d o . 
(a) A. F l a v u s 
Ligand/Complex 
(b) Ao n l g e r 
(a) Na»FPdtc/Complex 
Na.AMdtc/Complex 
Na.MBdtc/Complex 
Na»TCdtc/Complex 
(b) Na.NPdtc/Complex 
Na.AMdtc/Comp1ex 
Na o MBd tc/Comp1ex 
Na.TCdtc/Complex 
(c) Na.MPdtc/Complex 
Na, A^^dtc/Comp l e x 
Naof^Edtc/Comp l e x 
Na„TCdtc/Complex 
C o n c e n t r a t i o n 
1 
1 oS 
2 
1 
1 o5 
2 
1 
1 „5 
2 
1 
1 .5 
2 
1 
1 .5 
2 
1 
1 o5 
2 
1 
1,5 
2 
1 
1 c5 
2 
1 
1 o5 
2 
1 
1 o5 
2 
1 
1 o5 
2 
1 
1 o5 
2 
(c) Alternaria poii 
% inhibition 
50/54 
54/58 
5 8/60 
5 8/60 
60/62 
62/64 
55/60 
57/62 
60/64 
56/60 
5 8/62 
60/64 
51/55 
53/59 
55/61 
59/61 
62/63 
64/64 
54/58 
56/60 
57/61 
55/57 
57/60 
59/62 
49/52 
51/54 
53/57 
5 7/61 
59/63 
61/64 
54/5 7 
5 6/5 9 
57/63 
54/57 
5 7/60 
59/62 
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